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Final Report

\
The Mature Practice of Arithmetic Problem Solwing
in the Daily Lives of Americans \
\\\
I. Introduciion \\\

L

There. are severa] parts to a full report on the Adult Math Sk111s\\

implications for educational policy in the U.S. During the course of the \\\\

project a critique of existing efforts to develop a pyscho]ogy-in-context'

Project (AMSP): theory, specific empirical studies, and their \\
\
|
|

has gradually matured into a new theoretical position, a dialectical one,
in which acfivity and setting are seen as mutuaily crrating, sustaining .
and bhangfng the nature of problem solving. It is one which emphasizes
the situational specificity of problem solving activities. This approach
creates dilemmas, both theoretical and practical. On the one hand there
are difficd]ties in encompassing the generality of systems of knowledge
in relation to the specificity of its use. On the other hand, formal
education and the use of knowledge thus acquired in the muititude of
particular everyday settings, also seem too far apart to bring into*a
single theoretical framework. This seems especially true given the aded
factor that we live in a world peopled by alumni of schooling, whose
relationship with their formal educational experience is, for most of
their lives, that of alumni. The empirical studies fall into four

parts: (1) a study of arithmetic practices among grocery shoppers %n

Orange County supermarkets; (2) a study of the acquisition of arthmetic

skills by new members of the Weight Watchers dieting organization; (3) a




4 through households; and (4) an

study of the management of money-:

exploration of the biographies, educational history, history of

arithmetic involvement, and customary arithmetic procedures of the

participants in the first two studies.

The studies are interrelated, sharing a common set of assumptions.

First, to understand everyday cognition requires the investigation of

cognitive activity in context. This is not a matter of interviewing or

of laboratory experimentation, nor of reconstructing familiar

environments into cognitive obstacle courses, as quas i-experimental .

situations. Contéxt and activity mutually bring each other into being; a

radical change contrived for either produces radical change in both.

Methodologically this translates into observing people-doing-in-context.

Second, analysis doesn't stop with problem solving activity, but %

focuses in detail on broader scopé activities and the settinés in which

they take place. Together these create the context for specific problem

solving éctivity. The act of bringing problem solving under close

observation in experimental contexts has, in the past, distorted. its

relations with ongoing activities. problem-solving has been magnified

into an end-in-itself for the problem solver, in the course of becoming

an end in itself for “scientific" purposes. It is partly in reaction to

this tradition that it seems important to ask what role problem solving

activities, such as arithmetic ones, play in the ongoing flow of daily

life.

Third, the role of specific cognitive activities (arithmetic problem

solving is partly cognitive) varies from situation to situation. What

~d




constitutes a problem, a solution and the procedures for solving a
problem, vary with the encompassing activity and context which generate
‘problem solving activity in the first place. Thus while the focus of the
studies is arithmetic problem solving, each specific study depends
inextricably on an analysis of the context and activity within which
arithmetic occurs. (For one example, see Sectio; IV, The Analys<s of
Arithnetic Practice in Context: é}ocery Shopping Arithmetic.)

Fourth, what occurs in one setfing is structually related to othér
activities in cther settings. Each of the stud?e; reported here
coﬁt}asts arithﬁetic practice in unrelated settings (math testing and
everyday activity) and explores transformations of arithmetic practice
across deeply interconnectgd settingﬁ (the preparation and serving of
meals in the Weight Watchers study; the preparations for shopping,
shopping, puéting away the groceries and use of groceries in meal
preparation in the grocery shopping'study.)

_ The studies also differ. In particular, we began with the intention
of contrasting situatiens in which arithmetic might vary in its priority
within the ongoing activity. Arithmetic calculation appears in grocery
shopping as a discrete series of mini-episodes, of ratﬁer minor
significance to the larger activity ongoing in the supermarket. For
cooks (including Weight Watcher cooks), the importance of quantitative,
often numerical, transformations of meal injredients, the timing of food
preparation and food portion control have crucial impact on the end -
product, the meal--more than in grocery shopping. And iﬁ balancing a
checkbook, calculation is an explicit, major, strupture-giving ~ctivity

in which numerical accuracy is valued.




A second dimension of variation across studies concerns the . .

A
k)

malleebility of the setting in relation to the activity tekingoplaée in
it: The contrést here is primafily between grocery shopping and Weight

Watchers' activities in the kitchen. The supermarket is a public arena,

‘ organized by store personnel with goals of their own, for hugé numbers of

shoppers. Rearrangement to accommodate an individual's pattern of
grocery shopping is ‘therefore out of the question. Not so in the
kitchen, where the environment is in many ways arrangeablie at the

)
¥

pleasure #f the coak.

Another dimension of variation between studiés focusses on school
learning. The situations and tasks which we asked our informants to take
part in were designed to vary in their-relations with the learning and
use of arithﬁgfic in school. We observed arithmetic probiem solving in
paper-and-pencil testing situations, similar to school test situations.
We also attempted to simulate problem-solving conditions in the
supermarket. And we made intensive observational studies of arithmetic
in supermarkets. Finally, the Jast dimension on which the studﬁes vary
is one of degree of skill and experience. The Weight Watchers' study
focuses on novices in the dieting program, while the supermarket study
involves grocery shopping pros.

A1l of these dimensions deserve careful analysis. They presuppose
first order analysis of the individual cases and we have but one in
detailed form to present at the moment: arithmetic practice in the

supermarket (Section IV of the report). We are not yet ready, therefore

to take on the public/private setting contrast or that betweeh pros and
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novices, though we intend to address them in the future. But questions
cdﬁcerning (1) the relative priority of arithmetic problem-solving
across situztions, and (2) the relations of everyday situations and
tasks to tﬁe practice of arithmetic in schools will both be explored
here. The latter is the central focus of the present report.

In comparing the research project in its current ttate, to the
project as originally proposed to NIE, the;e are both correspondences and
q1vergences. An at]as’of problem-solving circumstances is not-
forthcoming from our work--though we tried. We spent two full days with
each of several pilot informants, observing thei; preparations for a
major grocery shop, a shopping expedition, putting the groceries away,
cooking and serving a meal, carrying out Saturday chores and so on. We
experimented with lengthy open ended interviews intended to elicit
detailad schedules of work, domestic chores, recreation and rest; we
collecsed anecdotes on the problematic aspects of routine
activities--being late or early, being out of casﬁ or carrying too much,
and many others. Some of the difficulties with this broad-scope approach
were practical. Partly in response to these practical difficulties we
curtailed the scope of'the‘individua1 studies. But gradually, also, our
increasingly strong theoretical position reconmended intensive analysis
/' of settings and their interrelated activities. This sealed our
committment to abandon the exhaustive atlas for a small number of
carefully analyzed situations.

The practical difficulties included long hours of observation that

|

|

|

were irritating to informants; no two vieek 1y routines looked easily |




c1gss1f1ab1e as "the same" type; arithmetic events seemed concentrated in

~ certain areas of activity--cooking, grocery shopping and money management
being of central importance. But long periods of unquantified action
took p]ace as well. Theoretical concerns led us to question whether
"daily 1ife" was the appropr1ate unit of analysis. The (arithmetic)
curricula of everyday life seemed more various, and more closely the
outgrowth of specific activities, than were captured in the veryibroad
and general units of analysis with which we initally approached the
project.

In the proposal we declared our intention to study ihe everyday
practice of small-scale problem-solving, especially aritiznetic, in a
variety of settings. We proposed, and have carried out, a mixed research
strategy involving participant observation, interviewing and
experimentation and a large variety of ana1yt1c approaches to the data.
The proposal is skeptical about whether we can get beyond identifying
instances of arithmetic problem solving activity and outcomes (correct or
not) to the more fundamental questions #oncerning the processes of
problem solving. We have in fact been much more successful than
expected, collecting proﬁess data in the course of school-like tasks, the
best buy calculation test session and in both supermarket and kitchens.
Our analysis of the problem solving processes involved in supermarket
arithmetic are presented in detail (section v of tke report). We have
not yet analyzed the rest of the process data, bht hope to éomp]etg it in
the rear future. Finally, we started with an “environmental demand"

model to account for variation in probiem solving processes 1n different

| Y
|3
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situations; we ended up with a dialectical theory focussed on the,
inextricable interrelations and mutually generative character of human
activity and the settings in which it takes place.

Qur publication plans have Jikewise undergone modification, more in
time scile rather than scope. Two Ph.D. dissertations will reach
completion during 1983 (Murtaugh: A Hierarchﬁca] Model of
Decision-making in fhe Grocery Store, and de la Rocha: The Use of
Arithmetic in the Context of Dieting: A Study of Practical Problem
Solving). In 1982 an Introduction and a chapter were prepared for Rogoff

and Lave, Everyday Cognition: Its Development in Social Context to

appéar, Harvard University Press, 1983. The Introduction is a critique
of existing theory and includes a programmatic sketch of the dialectical
theory employed in the analytic work of the project. The other chaptef
(included in this report as Section IV) is a detailed ana]ys%s of grocery
shopping arithmetic in the supermarket setiing. Together these two
papers provide a skeletal version of the full book on the Adult Math
Skills Project which we plan to write ccllaboratively as soon as the two

dissertations are completed.

The remainder of this report is divided into four sections. Section
I1 introducés the theoretical perspective of the projéct, using the money
management study and other data for purposes of illustration. In Section
III there is-a descriptioh of the various ar}thmetic tasks we designed
and carried cut with our informants, followed by aa analysis of the °
evidence concerning the character of Tinks between school-learned

arithmetic and the practice of arithmetic in everyday situations by




adults. Section IV is ah~ana2y;is of'ghocery shhppinh}éctfvity, the
supermarket 55 arena and éetting.foq grocery shopping? and,thé impaet of
grocery shopping activity in the supehmarket setting on the‘forms of .
‘ar1thmet1c problem solving which occur there. This ;ect1on i$ being
pubiished separately, but is 1nc1uded here because it eXemp11f1es better
than any other of our qutten accounts.to dateg our‘approach to the
understand1ng ofxeveryday problem solving. The f1na1 sect1on of the
* report (V. ), discussed the implications of our studies for educat1ona1

poticy. Append1x I contains the math tests and tasks adm1n1stered to all

T »l

informants.




II. From Universal Standard to Situation-Specific Devices: The Dilemma

de

of General Knowledge and the Specificity of Use

The introduction began with the proposition that there are parallel
problems raised by the work reported here. One has to do with relations
between the cultural fund of general arithmetic knowledge and what we
call the practice of arithmetic }n the contexts of our lives. The othef
has to do with relations between a social iqstitution, school- aind other
situations in our daily lives. In school the teaching and learning of
arithmetic is organized in relation to the culturally structured \
knowledge domain, arithmetic, while generally in everyday contexts,
arithmetic takes its structure in large part from the activities and
settings in which it occurs.. In theoretical terms the fifst p;oblem is 2

dlffvu1 t, ofa and central one in the social sciences (see Sahlins, 1981

‘and Comaroff and Roberts 1981 for recent attempts to reconceptulize it).

It appears in various guises--structure versus process; competence versus

perfomance norm versus jts instantiations; collective know]edge and

-belief versus jndividual knowledg2 and belief conce1ved of as a

refraction or partial version of that collective wisdom. For present
purposes our position may be stated in crude form. 2) Arithmetic
practice is an active, generati;e process growing from the mutual shaping
of the actor's activity and the setting in which it takes place. But‘
what is generated also bears the stamp of culturally shared general
knowledge. After a]] the same number system arithmetic operations,

written numerals, weights and measures and monetary units are common
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stock, to mention just one small item of evidence. 2) At the same time

.arithmetic activities arc not simply acquired universal knowledge or

generatively in particular $ituations, rather than as rules to be obeyed

procedural algorithms. Indeed practical arithmetic skills are not
primarily specific algorithmic tools transmitted through universal
schooling in this culture. Nor are they applicable, in the precise form
in which they were learned, for insertion (1ike a subroutine in a complex
computer program) irnto any or all situations where arithmetic is called
for. 3) The cultural fund of arithmetic know]edge is ordered and taught
primarily on the basis of internal arithmetic relations within the )
knowledge domain. This kind of ordering of arithmetic knowledge stands
in complicated, contradictory tension with the richly structured
activities of life experiance'which in their turn give order and
structure to arithmetic as practiced. 4) Like Sahlins recently (1981)
and.Comaro%f'and Roberts (1981), we see these two orders of arithmetic
knowledge as in dialectical relationship, mutually producing, reproducing
and transforming each other. Like Comaroff, we view actors as taking '

normative arithmetic principles and algorithms as resources to be applied

or not. The difference between these two views of norms grows, of

course, out of dialectical and functional views respectively, of the
relations between norms‘énd practice. Thus our work starts from somewhat
different theoretical aséumptions than most'existing research on
cognition. '5) Essentially all cognitive psychology, including cognitive |
developmental psychology, begins with functional assumptions about the

one way transmission of general cultural knowledge.  Further, they
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sustain the view that that which is learned, remains unchanged when in
use. The notion that knowledge changes every time it is used, infused
with and infusing whatever else is "going on" at the time, is foreign éo
this position. Thus we are arguing a notable more complex relation
between internally structured bodies of know]edgeAand knowledge in use,
than is conventially espoused in this field; similarly we advocate
committment to the integral nature of activity-in-context, in contrast to
the position that there exists high separation between knowledge in the
head {even in use) and the activities in which it comes into play. .

The second problem alluded to in the opening paragraph is that of
relations between school, in which arithmetic is taught and learned, and
the contexts in which school "alumni" use arithmetic. The same. contrasts
may be made here as for the theoretical problem. Thus, the tradjtiona1
goa]s-of schooi instruction are to teach powerful general prccedures for
solving arithmetic problems of all varieties. Thg varieties are defined
in terms of the internal categories and relations internal to the domain
of arithmetic knowledge. The term "general" in the phrase "powérfu1,
general procedures" is intended to connote the value placed on the
context-free elucidation of arithmetic princip1e§. Indeed, in school,
children are taught numerical arithmetic per se. They also encounter
what are called “"word problems" but which convey a miniature lesson, that
content is relevant only as something to be peeled away so as to apply
universal algorithms to numerical relations. The term "powerful” in the

same phrase is used in at least two senses; to indicate the efficiency,

vis a vis some implicit baseline consisting of counting procedures, of
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arabic place holding arithmetic algorithms--especially with large
" qumbers. The term “"powerful" also seems appropriate to indicate the
foolproof charactér of well-learned algorithms, such that if the

procedure is correctly, automatically executed, the answer must be

correct.
|

Bﬁfh generality and power are impeccably valuable goals, shared very
widely, perhaps universally in fhis society.' And until recently, the
organization of school curricula and the sfrateg& of teaching algorithmic
general arithmetic met not‘on1y these goals, but lay at the junction of
several of the many goals of formal edu¢ation as a whole. First, they
satisfied functional psychological theory about how to producg powerful

. knowledge in maximally useful, e.g. most general, form. This has Tong
been viewed as a key to the transferability 'of knowledge acquired in the
school settjng to the highest possible number of situations outside of
school. Learﬁing transfer theory has, indeed, mainly focussed on-the
acquisition of general princip]esr in as context free manner as possible
(e.q. Bruqer; 1§66). This has been coupled with the assumption that the -
more general the individual's grasp of:princip1es the more often and
readily she can recognize appropriate occasions for their app}ication.
Second, the knowledge domain arithmetic, as part of formal systems of
higher mafhematics, contains highly valued information. It is a
treasured part of the cultural heritage. part of bei%g a cultured human
being is to be mathematically literate. To some extent, therefore, ‘
mat%ematica] knowledge is a goal in and of itself without regard for its

uses. And it follows from this perspective that it is appropriate to
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employ the structure of the knowledge domain itself as the motiviating,
organizing principle for its teaching and learning. Third, public
scﬁoo1ing is the first step in the education of a small but crucially
valued elite whose function is to creatively increase the cultural fund
of knowledge. This, too, is compatible with the other goals for the
teaching, learning and anticipated subsequent uses of arithmetic.

But once a goal‘of practical utility, adult competence, or survival
skills for the everyday world is added to those above, it créates
contradictionswith the other goals, and especially with the focus on the
internal structures of arithmetic as the basis for organizing learning
experiences which will translate into useable procedural knowledge in
other seﬁtings. A]] aspects of the investigations reported here converge
on the proposition that everyday life is NOT like a tossed salad, in
which arithmétic is one ingredient, which Tike all the others, keeps its

separate identity and integrity, making co-appearances with other

{egetab]es in the salad bowl. It is much more 1like a good bowl of chili,
where each of the ingredients is transformed by association with the
others--in the end bare]} recognizable, and tasting different.

We don't intend to recommend our position merely by asserting it,
either in its jmmediate metaphorical guise or in its more serious
development in the last few pages. Instead, this report is intended to
lay out the analyses which catalyzed our moJe towards this position. We
will try to recreate the kinds of experiences which have gradually drawn
us away from an orthodox view of schooling, cognition and the practice of

arithmetic in everyday life.
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This brings us back to the'parallel nature of the theoretical and
practical problems. How is it that we find parallel dilemmas arising
over the generally shared and uniquely situatjon-specific aspects of
knowledge on thé one hand and our conceptualization of relations between
scholing and everyday life on the other. The commonality is not
accidental, and perhaps a major argument to support'this assertion comes
from simultaneous shifts in current views ;s to the importance of
contextualized understanding of the nature of human activity. Our
theoretical posi%ion is one instance among a growing body of criticism of
positivistic, functional theory in the social sc{ences. There is
increasing interest in dialectical theoretical positions which emphasize
the integral interrelations beween activity and the contexts in which it
occurs. In developmental psychlogy there is much more concern for
prob1éms of acological va’idity and the relevance of experimental
findings for activities in the everyday worid. It is but a small step to
make relations between the teaching/learning experiences of schooling and
the uses of knowledge in everyday settings an object of inquiry:rather
than an implicitly as;umed wfact" in this society. Indeed, schooling may
be thought of as, among other things, the institutional embodiment of the
same curents in Western thought that have produced our psychological
theories. Not incidentally, those same theories are under more serious
attack today than at perhaps any time since the inception of psychology
as a scholarly discipline at the end of the 19th century. The
appropriate nature of schooling is 1ikewise in serious question.

We have so far argued that goa]s_fo; schooling which p]acé value on

its relevance to everyday life activities stand in contradiction to
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several other major goals infofming the educational system. To take 2
position emphasizing the situational specificity and generative nature of
arithmetic activity in everyday settings is to underline the
contradiction. Let us first proceed to the evidence that compells us to
do so. In the last section of the report we will then consider the
question of what implications the work may have for educational policy.
A. Money Management J

The pilot work on family money management, cqnducted by Katherine
Faust, provides a vivid introduction to the dilemmas of integrating
general.knowledge with everyday practices. For our system of money
provides a universal standard of value ‘and a universal medium of
exchange. At the same time, money is involved ubiquitously in everyday
activities. Faust's study was carried through to the end of pilot
interviews and the development of a conceptual scheme for pursuing the
subject. Therefore the lessons to be learned from it are mainly general
ones. It will be usefﬁl\to have on record in as much detail as’we can
muster, the preliminary findings. It looks very promising for further
research in the future. -

First-of all, the anthropological literature js full of contrasts
between the special purpose monies of “primitive" cultures, where beads
“may be exchanged for pigs and iron bars for women, but not the reverse;
and they are not, as standards of value, translatable between systems of
exchange. In contrast, Western cultures are noted for having‘a single

medium of exchange, money, providing also universal standard of value.
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Yet money passes through families, and according to Faust's work, we can
capture the major cyclical flow nf money in terms of income(s),
stashes--various compartmentalized modes for the holding of money
temporarily--and expenditures. There are different media of exchange,
including cash, checks, and credit cards (special and general ﬂﬁrpose).
Incomes, stashes and media, in many comb1nat1ons are used to create in
effect, special purpose monies. In part1cu1ar, they are used to create
categories of monies that may not be treated as equivalent; these
prohibitions having the same moral character as those surrounding special
purpose monies in other societies as.wg11. One dets the impression that
a univefsal standard of value and medium of exchange is not viewed as an
advantage by our informants, and that enormou; effort goes into creating
paths and flows of money which both produce and reflect the particular
character of different value-expressing activities of daily life.

The anthropologist Mary Douglas has promoted this view of money use
in Western societies. She has noted the parallels between special
purpose monies in other societies, and strategies used by indivﬁdua]s in
Britain, "to reduce liquidity by blacking, earmarking, and funding it
(money) in various ways." (Douglas, 1967:119, in a paper entitled

Primitive.Rationing," in Raymond Firth, Themes in Economic

Anthropology). There are many examples of the use of special purpose

monies in the money management systems of the people in our sample. For
example, one elderly couple maintained two separate sets of checking and
savings accounts, one set for bills and day to day expenses, the other

set for larger expenses, gifts and taxes.” The wife was respohsib]e for
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the bills accounts, and ihe husband was responsible for the tax related

accounts. She states:

I have a checking account I pay my bills out of. And
then we keep a small checking account out of that
other money. But we don't write checks on it unless,
like, for example, little E--little E--six foot
six--needs something or god sons need something, it
comes out (of) that money....(Later): Now taxes,
anything on that, that's E's (her husband). Anything
big, like when we ran into this thing like the
surgery. That just, of course wouldn't fit my figures
at all. Al1 that came out of his meney. Eighteen
thousand dollars . . ..

In addition, she has a separate cash fund which she refers to as "mad

money."

Faust: Do you have a sense of how much cash you have
on pand?

Informant: Every bit. I'l1 tell you that's a joke
especially around here . . . I keep about one hundred.
dollars in mad money in the back of my wallet and E'11
say, honey could I have twenty dollars out of your mad
money. Or--he'll say, C., I'm out of money, can I
have ten dollars out of your mad money. See, I keep
about one hundred dollars that don't count. That's
mad money. But they all pay me back.

Faust: What kinds of things do you buy vut of mad
money?

Informant: Things you-want to buy. I love to do
ceramics. They're foolish because you know I have no

place to put all the things, that--

Faust: Is that separate from the cash you might use
if you're going out to lunch or something? .

Informant: Really you shouldn'‘t spend it on Tunches.
Nobody else probably thinks the way I io about some

things.
Faust: Why do you say that?
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Informant: Well, everybody, all the women, all the
Jadies I know they put their money in their purse,
just dump it in their purse, and they just spend it
the way they want to spend it. 1 don't do that. -If I
don't have it to spend, if I want to buy something
that I feel isn't necessary, I always can take it out
of my grocery money. If I didn't have any mad money,
I just wouldn't buy it. I wouldn't even charge it. I
wouldn't charge anything that I felt was foolish.
Because I don't think that's a necessary evil.

Other examples of compartmentalized distinctions among stashes of money

include Christmas Club accounts, separate checking accounts for bills
versus personal expenses, Or a separate account for vacatioﬁ expenses.
The second aspect of’this work had to do with the organization of the
family and the expression and creation qf those relations in monetary
terms. There are contradictory relations between money, utilitarian
exchange, adyersary relations between buyer and seller on the one hand
and altruistic exchange, solidarity and collective well-being, ideals
associated with the family. This presents the family with dilemmas about
how to negotiate the entry, internal circulation, and expenditure of
money. In her interviews, Faust found the problem beginning with pay
checks. A pay check is inextricably “owned" by a family member, yet
ideally once money is associated with the family, its source should not
be attributable to any individual--it must be transformed into collective
property. Thus, in the twenty-five interviews conducted by Faust, there
was only one case of regular direct transfer of cash from one spouse to
the other. This was couched as an even split between the.two spouses,

although it was the husband's salary money. (The expiicit description of

what was going on "division of the spare cash" was more acceptable to the
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spouse supplying the money than to the other, who was keenly aware of the
contradictory, other conditions present on these occasions.) Such
transfers are too close to payments, which would change the meaning of
women's work with household and children in a capita]iz?d economy.

There are several common strategies for bringing about the
transformation of money from individual income to collective resource.
Informants deposit money into a checking account for which both spouses
have check-writing privileges; very often the spouse who draws most
heavily on the account for family expenditures is not the one who has
made the major deposit. In two-job families, both checks may be
deposited into a single family account, thus erasing the specific
association of particular dollars with a particular individual. A third
method of “laundering” away the individualistic connotations of
particular sdms of money is to allocate one pay check to certain specific
expenses for the fémi]y, so that in effect, it becomes redefiped in terms
of its uses instead of in terms of its source. Thus women will say that
they work part time ir order to earn the family vacation, or extras of
various kinds. And sometimes cash is deposited, often in equal amounts
by spouses regardless of income, into a “teapot"-equivalent, for specific
everyday expenses (the laundry, gas money, busfares, children's lunches,
parking meters, etc.). It has been remarked in the anthropological
1iterature that the characteristics of papef money--its impersonality,
and interchangeability and easy concealment, compared with cattle, has
affected the irstitution of bride price. For it is jmpossible to tell

whose contribution to a money stash is specifically being spent on any
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given occasion. Yet if qontributions to bride price are in cattle, it is
cJear what each cattle owner has contributed. In the interests of
emphasizing the collecbive nature of the family in this culture, the
various means of handling money are designed to mask its individual
sources within the collective family unit.

In terms of expend{tures, the problem of collectivity is relatively
less diff%cu]t than ‘that of individuality. Family members are at one and
the same time part of a collective social unit and they are individuals,
most of whom spend much of their time in activities with peers/coworkers,
etc., outside the family, so that in both practical terms and in symbolic
terms, there are conflicts between the collective definition of family
and the independence of family members es individuals. This dilemma
comes out clearly in at least two ways: first, the family as collective
stands in centrast with the organization of many families in this society
which are composad of two previously constituted partial families from
previous marriages. The pattern of allocation of pay checks, and of
responsibility for family routine expenses looks quite different bDeween
the two kinds of fam%]ies, and as one might expect, expenditures are kept
far more clearly labelled separately within the families formed of two
individuals and their children from previous marriages. Much of this has
to do with differential expenses for children, which involve former
spouses not present in the household as well as household members. It
involves the coming together of two spouses who very often have each been

sole providers for their households and who merge families not when there

are two people, young, small incomes, no dependents, no history of
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independent family management, but at a time when mechanisms are already
in place for the independent management of compliex family arrangéments.
And finally, the clearer separation of expenditures may reflect reactions
to the painful financial disentanglement process 6f diorce, if the
earlier collectivity hag strongly emphasized the collective nature of

income, stashes and expenditures.

Figures 1 and 2 "illustrate two quite different systems of money
managenent. Figure 1 illustrates the flow of money for a young couple
without children. Both husband and wife have incomes which they pool in
joint checxing and savings accounts. Most expenses are viewed as
comnunal, and are paid for from the joint checking account, as are their
individual expenses, such as clothing, etc. Figure 2 illustrates a
family in which each spouse has been previously married. Her children
are living with them, and his children are Tiving with his first wife.
In cantrast to the first example, this couple keeps their finances
essentially separated. They hxv& no joint accounts, and in paying for
household bills each one writés a separate check for half of the total
from thir own checking account. The only direct transfer of money
between them is a set amount of money which the husband gives the wife
each month to cover one quarter of the food bill, which she pays for tirom

her own account.

The second dilemma associated with individuation within the
collectivity, has to do with what amounts, and in what meqia shall
spouses, and for that matter, children, have monies for «hich they are

not accountable to the family. Accountability can start with the
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Figure 2. Reconstituted Family with Separate Accounts
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question of how much income is being generated by the individual; and go
on Fo kinds of stashes it is assembled in and what it is spent %or. Here
there may be variation growing from the changing division of ,labor within
the househo]d.) Older women haVE what they call “mad money." (The

description quoted above is typical.) Significantly, it comes from

|
|
\
monies established as collective in their uses--household expense money.
- Mad money is the reward of frugality and good family management, set
aside Qhen there is money left over after the payment of routine family
expenses. As the quoted example suggests, it is to be spent frivolously |
and may not be used for family expenses. It is not that it never is used
for family expenses, but the incommensurateness of the mad money and
collective funds is indicated in Faust's interviews by explanations that
it may be borrowed--but must be replaced, not simply used for other
purposes. The description of its uses emphasizes the gender-specific and
’

specifically non-utilitarian character of appropriate mad money.. The

message is one of individuaiity in action, but defined in relation to

other members of the collectivity. (Its frivolity probably defines it in.

relation to children's needs as well as the spouse.) There are ma1é
version; of mad money, spent according to the same principles, but in
this case on beer, bowling and cigars. The man's individual fund of
money for which he is not accountable tends not to be, so stressed in
interviews, Yor éﬁé man has direct access to personal funds out of
income, unles’s he turns over his income to his wife, and feceives

qupding money back from her, which is sometimes part of the laundering

|
process to produce collective monies. This stands in contrast to women's




personal funds, which are obtained through a series of complex

transformations, from spouses' income, to collective funds for collective
expenditures, to skillfully saved surplus, and finally to individual
pocket money.

Families in which spouses have significantly different incomes, the
wife working part time and/or for very low pay, appear similar to
families in which the wife does not work for pay at all. However,
families with both spouses employed for incomes that would at least
marginally suffice for a whole household, tend to find the individuaton
of some (in all cases minor) portion of funds for private use less
tontradictory and less difficult. They tend to have three bank
accounts--his’, hers and theirs.A#Each contributes substantig11y to the
joint account, saving a small portion in private accounts. Thus, the
small portion; simply aren't put through the transformation into
collective.funds.

The picture is incompiete without including children's uses of money
and the interrelations between parents and children concerning the
transfer, transformation and control of children's mé%etary moves. But
at this point in time we have no data to°report. Also, we have
concentrated here on complex family situation; rather than on single
person or single parent household, for.the dilgmmas are attenuated in the
Tatter ci~cumstances. ' '

One level of compiexity not addressed in this report is the

complicated nature of negotiations about money, given that all parties

understand the contradictions involved. They know, in some sense, that
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transformations in tne&@eaning:and compartmentalization of money in the
family context Vio]ate;ﬁherpub1ic scheme of Western values and practices
concenning méney, power, control the 1nd1v1duat1on of relations, etc.
They know that,the management of money within a soc1a1 1nst1tut10n based
on ;o]]ect1ve soﬂ1dar1ty 1s a tontradiction in terms. Thus,, money
manhgement must have as much to do with manag1ng the contradictions as it
does with the transfer of* dol]ars and cents fromsincome to stash, or from

. N A2

stash to expendqture. Any ana]ys1s of ar1thmet1c~act1v1t1es associated

N 1 3

with the management of aney must take these factors into account.

I have said very lltt1e so far about the medra of exchange and their

A

variable use, and their relations with stashes.. Most bills are paid by
check; but whose check,‘fnom what account, proyiges multiple
possibilities for differentiation among:SpeciaT)nurpose stash/expenditure
combinations. Checks have some security against theft if sent of f into
the punfigkdmnafn; they act as reeord keeping devices at the same time
that they dre expenditune‘devices--recbrns being desirable by the system
of taxation, among other things; checks also provide automatic meceipts
for expenditures. Most reguilar bills--mortgage or rent, utilities, and
credit card bills are paid by check, then. Cash, like checks, has
customary -uses--sometimes by size (“under $10, 1 pay cash"), sometimes by
category of expenditure~-"1 always pay cash for gas" and/or groceries,
etc. People create various cash stashes; generally one in the_billfold
of each adult, a "petty cash" fund in a teapot—equiva]ent; piggy banks; a

dish of change for parking meters or Taundry or telephone, etc. Stashes

of cash, like checking accounts, are des1gnated for Spec1a1 uses, and
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their use is circumscribed by special restrictions 6n ease of access and
transformation of purpose. They are also circumscribed by conditions
under Qﬁich they may/must be replaced, and by devices for rep]enisﬁing
them consistent with their customafy rate gf use. Hence, on a smaller
scale than checking accgunis and credit cards, where devices for keeping
track of rates of flow are also essential, the expenditure of cash may be
modified to.fit flow rates within a pattern of routine'cash acquisition
activity. To use cash, or not, for a particular expenditure, is a
multifactor decision which involves knowledge of the state of the stash
vis a vis typical cycles of cash in- and out-flow.

A very interesting question then, in relation to all the various
stashes and flows, is-how people maintain a sense of “where they are" in
money cycles, I don't know the answer. But if there is convergence, as
1 suspect, betweén this question, the question (for which we_gg.tave
data) on how people estimate what their grocery basket will cost them
before its rung up, and the management of time in preparing a meal, we
can make a tentative beginning. Keeping track of quantitative rates and
flows involves a clear knowledge of what is hardcore routine and
non-negotiable. This may involve assumptions about which grocery items
are fixtures: e.g., milk and bread; or which monfh]y bills are
fixtures:' e.g., the mortgage and telephone bill. It may involve similar
assumbtions at a higher level, about fixed caiegories of ifems;-purchase
four dinners, each with meai, a vegetable, a starch, beverage and .

dessert, with no expensive cuts of meat except Sunday dinner; or medical

and clothing expenses, on average per month. Next, it requires a sense€




28

of the unusual, the unexpected, appended to, or subtracted from that
basic balipark figure. |

Credit cards are especially interesting in this regard, Here is a
medium, which might be described also as a hnegat%ve stash," otherwise
known as credit. Some credit cards stipulate their own special purpose
stash nature (gas credit cards are the major examples). Others provide
general purpose stash capabilities, but no one uses them that.way.

Either they are defined in contrast to other media—-u;e credit card if
over $10, instead of cash (relations with checking are more compliex), or
in terms of expenditure categories--restaurant meals, travel expenses,
prescription drugs, gifts, etc.

We wondereé about the difficulties invblved in using credit cards.
Faust's querjes about how peoplie keep track of the amount they spend on
credit cards revealed two strategies. 1) One 1nvo1ved keeping receipts,
though almost no one admitted to adding these up at any time other than
when paying the monthly credit card bill. 2) The other strategy involved
keeping track mentally. Three strategies for keeping track mentally-are -
typical. First, some informants keep a rough running total. For
example, one woman stated,

1 do have-a sense in my head of what I've done so that 1 know

that I spent, for instance, about fifty dollars the other
night at the Broadway and I think I have about a twenty five
dollar balance on there so that would make'sevepty-five

do][ars o o ee

Another woman stated that for her gas card she filled her tank each week *

and it was about twenty dollars each time. This is similar to a second




strategy by which peopie assumé their total will be close.to what it

usually has been in the past. That is, they rely on the regularity of
their expenditures. A third strategy for keeping track involves
monitoring individual purchases. One woman states,

As long as it's not over thirty to fifty dollars, I figure it

will fit somewhere.

Keeping track of credit cards is one instance of the more general
problem of managing the flow of money through the family, that is,
budgeting. Faust has found that budgeting activities are best described
as a strategy through which people use their knowledge and experience
with the regularities and synchron1zat1on of inflows and outflows of
money to plan for and meet routine househo]d expenses. Th1s contrasts

with common normative and prescriptive notions that budgeF1ng is a matter
of planning how money should be properly allocated to the'different
categories of expenditures.

We can examine the concept of budgeting further by focusing on
another small part of a money management system: strategies for bill
paying. As with other types of money allocation, bill paying requires
expectationé of %uture expenses. People's expectations are based on*
their rouéine experience.with the regularity of income and expenses
across some loosely speéi}iable and regular period, for exampie, a month
or a pay cycle. On a monthly basis pegp]e rarely write down figures
corresponding to the amounts ihey intend to spend far various categories

of expenses. That is they do not keep normative prescriptive-budgets.

34
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People do, however, pay bills which arrive on a month to mbnth basis, and .
receive income which is often viewed in a monthly frame. |

One common strategy for bill paying is to meet the absolute
necessities which must be paid is full to avoid sévere consequences
(house payment, uti1itigs, loans) and then pay variable amounts on credit
card bills and other contractable bills (docté;s, dentists, etc.) subject

to the qua1ificatioﬁ that “"enough" be left over to meet the day to day

operating expenses.

It is clear that since thigfstrategy de;ends on expectations of
routine expenses across a monthly (specifiable) period, any major
nén-routjne expense such as insurance or taxes which is large and occurs
on a cycle longer than a month will be problematic. That is, it can
knock the props from underneath this sort of plan or budget. A&.ﬁ ; '
iﬁdicated by the woman quoted above, these expenses will be particularly
troyblesome for a low income household where the money allocated for day
to day expenses is very ¢lose to the amount absolutely needed. f
strategy of pay{ng variable amountszﬁn bills céh require considerable
calculation on a day to day basis; but for some households such a
strategy is unavoidable.

A major step toward resolving the paradox in how people talk about
budgeting is therefore to recogniie tht the word "budgeting" is used to
refer both to long run planning and to the day to day performdnce of

household money management. The routineness of income and expenses

provides the basis for expectations about the usual level of

expenditures, and a strategy of allocation which makes it possible to




coordinate multiple expenses without a normative budget. The problems of
how people keep track of credit card expenditures, pay bi]]s, and indeed

manage whole budgeting strategies, is especié]]y interesting because they
address typical problems of flow management in circumstances in which

¢

conflicting goals, multiple media, and complex timing of in- and N
out-flows, all contribute to the circumstances in which the calculations
to, be made involve complex quantitative re{ations.

We have so far presented our analysis of the context of arithmetic
problem solving within the complex activity of money management. Had it
reached completion, it would have involved détaifed anaiysis of
arithmeﬁic actibity in the context delineated above. There are
instructive results of the project, even sa. First, Faust has developed
subtle methodology, that is capable of organizing money flow data--unlike
most descriptive studies and all normative ones; Her work develops both
theoretical (family organization, money as symbolism with different
meanings.in the family context and market place) and specific (analysis.
of flow, stashes, accourts, etc.) reasons for describ%ng the prbcess as -
one of differentiating, transforming, masking, moving and tr;cking
monetary flows. It is-not a matter of making overlapping cycles of
income and expenditure concrete--a teapot full of cash is described as
"having no money" if the ptumber must be paid. Instead, it is a matter
of making such cycles specific--trackable within the parameters of
available sums of money. "Specific" in this context implies that some

segment of activity is integrally structured in relation to the ongoing

activity-in-setting of which it is q.partl Structured in this way, it

[y
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may be general and/or specific'with respect to the structuring of

knowledge domains, of course. It brings into question the role of
arithmetic in produc1ng Qpec1f1c1ty, for the complex structur1ng c¢f money
in practice seems to take place at more 1nc1us1ve levels, in the creation

and maintenance of distinctions among stashes and media rather than at

the levels at which arithmetic is practiced. This conclusion fits with

the results of the supermarket arithmetic study. As we shall see, the
Tatter argueg that the role of arithmetic is not as financial manaéement
instrument, but as rationale for difficult discriminations when
qualitative selection criteria do not produce a specific choice of
grocery.item. Like the other studies, this one suggests that the
crafting of specific structures for momey management, in intimate
relations with the structuring of life activities and the settings for
these activities, creates erormous monitoring potential for keeping it
all straight without making "keeping it all straight® a major activity in

and of itself.

B. Measurement and Calculational Devices

The lessons of the money management study resonate very strongly with
one of the f{ndings of the Weight Watchers study. de 1a Rocha reports
that Weight Watchers go through a process, first adopting carefu]
measurement principles using measuring instruments, then abandoning them
for personal measures--pinches, bites and the baby's o1d cup. They use
specific, familiar containers with which they can approx1mate

ingredient-measurements perceptually with very high accuracy. Salad

f (e ]
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dressing is very often made this way, in an old mayonnaise jar or some

such. Here, as elsewhere, the construction of activity-specific jigs for
getting the job done aptly describes these everyday activities.

The lessons of the money managemeﬁt study also resonate strong]y with
the results of another small study which we carried out very much as a
sideline. This we call a "Device Inventory." In a pioneering work on

the cross-cultural study of arithmetic, Gay anﬁ Cole (The New Mathematics

and an O1d Culture, 1967) reiterate a contrast which parallels the

standard “"primitive/civilized" sterotype about presumed differences in
the nature of money: that medsuring‘devices in primitive cultures are
fragmented, specialized devices for doiqé a single job, not universal
standardized units of measure, translatable in large degree between
related scales (e.g., the metric system is touted on these grounds as
preferable to the British system of measuremen;). However, we believe

Gay and Cole have recognized properties of measurement systems-in-use

which are true for our society as well. We conceive of most quantitative

predicaments as ones of flow and cycle, 1like money, and most calculations-

and measurements to be first and foremost checking devices on perceptual -

or other customary estimation procedures. We also take the money
management findings seriously. From these considerations we conclude
that it is the multiple, rich connections between the structure of the
quantitative dimension of activity, and the structure of that Activity in
{ts setting, which provide the most powerful monitoring pgtentia] for
individuals who must "keep track." It should not be surprising, then to

find specia]-purpose§ nstashes® (to borrow a metaphor) of numerical

o

e
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information lying about the environment, and such is indeed the case. A
survey of the local ten cent store produced a iist of 80 separaﬁe
measuring and calculating devices intended for home use. le began
keeping 'a list of measuring and calculating devices. We héd two goals in
mind. The first was to inquire which of. the devices our informants had
in their homes and which they used. For those which, iﬁke money and
universal measuring'devices such as tape measures, are supposed to be
available for a wide range of tasks, we asked people what they used them
for. And finally, if an informant didn't have a partjcular measuring or
calculating device, she was asked how she managed when in need.
Tﬁermometers provide a good example of the high degree of variety and
specificity we have discovered. There are iﬁdoor and outdoor
air-temperature measuring devices; oven thermometers, temperature
regulators in refrigerators, candy thermometers, and fever thermometers
(two kinds). The uses of each are quite specialized; the scales are
limited in range, rarely adaptabl®e to more than one use even if someone,
atypically, was so inclined. Further, most are designed so as to be
Epecially marked at points that allow easy assignment of qualitative
meaning to points or regions on scales-<98.6° on the fever thermometer,
ngoft-ball" stage on the candy thermometer, “rare," "medium," énd
mwell-done" on the meat thermometer. With repeated use it is not the
degrees but their substantive significance which governs use. They
become.transformed in use into effective jigs for everyday operations.

»,

At this point in the argument two cautions may be useful. First,

there is a tendency within the social sciences, perhabs especially within




psychology, to treat evidence for the situational specificity of

cognitiye activity as a defeat for the development of general theory.
But there is no.need for this conclusion. Instead, it is more useful to

take as the object of study the rich, intricately structured specificity

of peoples' activities in the recurring settings of their lives, and
theorize about that. Second, there are two ways to interpret the very
general characteristics of everyday activities so far laid out. Again,
tﬂe caution is focused on more traditional theoretical positions. There
have been some attempts to characterize everyday l1ife--in toto, and in
the most abstract sxrms--as simpler in its cognifive demands on the
individual than the demands of the experimental laboratory.® Only very
recently (e.g., Latour 1981), has this -assumed contrast been subjected to
close empirical investigation. The results emphatica11y wash out the
distinction.

The characterizations of mind in action preposed here are therefore
based on 1 different set of assumptions than the conventions which take
cognitive processes'to be universal across situations and assumé that
these processes are brought to bear to different degrees in response to
variations in a single abstract dimension which could be glossed as “the
stringency of situational demand." In contrast, we take it that ir any
sifuation people bring to bear a relatively constant fdﬁd of energy and
attention; if asked to solve math problems in a test setting they will
devote energy and attention to that task, skiilfully doing the social
management work necessary to'minimize other demands on energy and

attention; in the grocery store the same énergy and attention go into

©
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grocery shopping; arithmetic gets a“proportioned share of it,‘ih general
quite small. The complexity of cognitive activity on the facé of it \ - A .
seems likely to be much greaterkin'the grocery store. The contradictipns

in this setting between tne ﬁeed for math accuracy; but minimal math '

effort, would seem to create cognitive demands not found in experimental B
situations. But let us adopt for the moment the more conservative ‘
position that all situations are equally complex, cognitively, Then

arithmetic may be shaped by quite different,consideratidﬁs in different T

settings, including differences in approrriate effort and attention, but

situations per se probably do not vary wuch in these very general

attributes. In short, we have adopted the information processing | .

constraint model of tognitive psychology, but applied it to situations

rather than to specific cognitive tasks.

-

To reiterate, then, we begin the exploration qf arithmetig:dafa in

everyday settings with a conviction that the procedures encountered are

relatively specific to situations and variable across them that this is

the proper object of theorizing; and that §enera1 theory is the main goal

of the project. And we also take it that the vgriance in perfo}mance

across situations will be interpretable in qua]%tative terms, in .relation

to the rich structuring of activity and setting, and not iﬁ terms of

variations in individuals' energy and concentration on arithmetic, nor in

terms of the specific deménds of individual tasks of the kind most common

e

in cognitive experiments.
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I11. School Math Links with Other Situations in Which Arithmetic is Used

We have just %rgued\that new understan?ing will be found through the
analysis of (1) activity and setting, (2) the role of particular )
cognitive tasks 15 that éctivity-in-setting, and (3) cross-situational
comparisons based 0n de§cr1pt1ons of problem so1v1ng processes rather’
than on indices of performance. There is, nonethe]ess, pre11m1nary work
to be accomp11shed by exploring re1at1ons beteen performances in one
setting and performdnces in others. They will serve us on the one hand
to establish the claim that people do act differently in different
settings. On the other hand, they make it possible . {o address a number
" of existing theeretica1 speculations about-the nature of small-scale
| prob]eﬁ solving (everyday or otherwise),xand learning transfer.

Perhaps the f1rst point to be made about the enterprise of tracing
Tinks between schoo] math and the uses of arithmetic in everyday life, is
that it is 1mposs1b1e except by crude approximations. The truth of this
proposition could be estab11shed on many different grounds, of which two
will be discussed here. First, if we are to assume that math used in
everyday circumstances was learned in school, we must assume that school
is the only place people learn ar1thmet1c. Second, 1f indeed people’
‘1earn arithmetic in other places as we]] we CCJTH only establish its
or1g1ns in schooling if the ar1thm°t1c Jeurned in school is different
from tue ar1thmet1c 1earned e]sewhere. The f1rst is ‘indefensible (see
especia11y>Herb Ginsburg's work on children's arithmetic). The second
offers us limited possibilities, for there are characteristic pencil and

paper, place holding algorithms, especially some in which the spatial




layout of the developing calculation has been rigidly taught, that

" probably are not learned for the first time anywhere efcept in school.
But it would be a mistake to consider the problem to be one of

natural historyt;one.that wi11'give way to the equivalent of magni%ying

glass and bd££é;;1y net. If it were, it would be more than anything €élse

a matter of identifying and c]aésifying specimens of arithmetic activity,

perhaps paper and pénci] a]gorithagj"?ﬁ“VEFiousﬂhabjiat§:“NAnd such an

e
~——

.approach would almsot certainly end in a quick conc]u;ion that schoo1‘~mV
arithmetic is rarely found in other situtafions, and this might be a too
hasty dismissal. Instead, the question is a theoretical one, and
depends, as has been stressed in the first two section% of this report on
what relations are assumed betwéen gener&1 knowledge and its uses;
between activity and its settings. |

One spec{fic research question, for which different assumptions would
Jead to different expectations about empirical phenomena, would be_the;
following. If schooling expands the generality of understanding of
arithmetic prinéip1es; they will transfer to more situations. An
alternative is that the better memorized specific pieces of arithmetic
knowledge and.the more well-drilied the routines of problem solving, the
more they will be incorporated into other activities. We have a;tempteq.
to gather evidence concernihg both. \

Another specific reseﬁrch ques;ion has tb do with the variablity of
procedures across settings. Tﬁis variability is overwhelmingly supported

by our investigations. But iglnight be the case that components of

schosl learned math are incorporated into otherwise varying procedures.

~
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There appears to be some litte evidence for the learning anq use of basic
integer arithmetic, though not for paper and pencil algorithms in
general, in all settings in our 1ives} including school. But there are
many other arithmetic procedures emp]éyed in other settings that are not
-taught in school. And we find little evidence that efficacy at forma1
arithietic problem-sglving is re1ateq to efficacy in arithmetic
prob]em;soiving.in‘dfher situatabns;.or that control of re}ative]y more
arithmetic “facts" affects frequency of ca]cn1at10n. ‘

Another specific research quest1on asks whether there is variation in
performance Tevels across situations as welJ as in an1thmet1c
techniques. A positive f1nd1ng would bring into quest1on the re1at1ons
of schooling and other k1nds of situations (regard]ess of which ones were
_ associated with better perfornances) with each other. In part1cu1ar, ’

variation across situations in performances by the same individual raises

the question of what it means to be alumni of a concentrdted exposure te

arithmetic, over increasing time spans. If individual performances vary

across situations, we may also inquire into the extent to which schools

or test performances prov1de adequate base11ne evidence of

*hest-performance" capability. Our data suggest that they may well standa

as juyst one among a varied collection of performances.
So far we have addressed the protiem of tracing links between school
math and the uses of arithmetic in everyday 1ife in terms of arithmetic
-practices themselves. But how and when people chpose to calculate is

.partly a matter of the culturally assigned‘meaning of arithmetic. School

arithmetic stands in the same relationship.with arithmetic practice in
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daily 1ife as money and general systems of measurement do with their

respective uses. They are valued cultural resources; all of them express
and are symbols of raiiona]itx, science, object%vity and utility. But
especially since these are valued norms,-it follows that much of the
everyday practice of arjthpetic is éither not recognized toxbe
arithmetic, or is uncomfortably discounted as not “real math." We will

come back to this id sections'lv and V. Iﬁdeed, jt 4s in part the very .

characteristics which make universal standards of value, systems of

units, and procedural algorithms universal that makes them unserviceab1e
in everyday practice. For their structure stands in conflict with the

structure of specific activities, yet their role in these ac?ivities is

. too peripheral to motivate complex interface development. Instead they

are transformed and thereby take on rich new and useful structure within

on-going act{vity as we shall see especially in section IV, ~

ctice is theoretical in fthe first instance and effectively impossible

Y
t

\llfnthe.prob1em of characterizing links bétween school math and daily
pr

in the second, how do we propose to proceed. fhe answer must surely
include the proposition that the proceedings will be’crude
approximations, and the results tentative. We begin in part (A) by
descrfbing the activities and sample of infarmants with whom the ‘data
were collected. Part (B) of this section discusses the arithmetic '
procedures and performancés encountered in vérious settings and their
implications for school links to other settings. In part (C) we will

present the statistical analysis of relations between school arithmetic

and arithmetic practice elsewhere.
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The Sample and Other Constructs

A
\\\ We chose to work with a re]at1ve1y ‘small number of people--thirty
’ . f1ve in a]]--but very intensively. About forty hours were spent with
each, and th1s represents an even greater investment of time on the part
of the field rese;;chers (de 1a Rocha, Faust, Murtaugh and Migalski), for
they p]anned their appearances to coincide with ongoing act1v1t1es in the
livgs-of the informdnts, while all activ1t1gs took p]acg in the persona1
setti;gs of informa&ts, so that no économie§ of scheduling or
centralizing field activities were'ﬁﬁs;ib1e. Each study invioved
»gxtens*ve background interviewihg and ﬁath)testing, one or more core
partiéipant/observations sessions in.grocery stores and kitchens, {for
which transcriptions of tape recordings-have’ been combined with observer
- notes and describtipﬁs of the,activities and settings and their .
re1étions), and muttiple ;pgcia] inter;ieﬂé and discussions concerning
Qhat happenéd during-the observatién sessions. The goal was to try
several methods 6bta1ning data that might converge on thE same
theoretical problem, helping eliminate the artefactual basis of some ’
one-method studies, wiihout descending iﬁto diffuse eclecticism.
Convergence would also suggest a certain robustness to the fingings.
Taking the option of dbing intqnsiye work with a small number o%
informants led us to another decision as we11: With thirty-five people
randomly chosen we could technically hobe to gengra]ize from our sampie
’to some appropriatq population, but just barely. Also, given the amount

of time demanded from informants and our intrusion into the informants'

_hoies and customary routines, we could not recruit people through the

b
2




usual random samp]ing techniques. For the supermarket study, we %
therefore decided on a network sample, using peripheral personal
connections in our own lives as intermediariés who could vouch for us to
‘ peripheral achaintanceg of theirs as a means of recruiting ;ur first
informants; subséquent1y!we both pursued other peripheral two-step Tinks
of the same kind, and.a1so asked informants to vouch for us to beriphera]
acquaintances of theirs. '

For the Weight Watchefs study an advertisement was place in local
week1ly adyertifing circulars, iﬁ several communipies with varying
class/income characteristics. A1l informants recruited by this means had
to be planning to join a dieting organizdtion -in %he immediate fufuré,
but not to be curﬁent]y mengrs, In bdth studie; care was taken:ndt to
introduce our interest in arithmetic intq tﬁe negotiations, for we were
afraid of biasing the acceptance Qattern toward those who were ‘
expéctiona11y at ease witﬁ math; or possible uneasily but obsessed with
it, but in any event away from the diversity of views and attitudes which
we were seeking.

Before beginning data collection we established a small number of
criteria that all informants should meet, and quotas for criteria that we
wished to-vary. In gehera], we did not try to ma#imize the goal of
recruiting "typical" informants, but rather, figured we would learn more
about ‘everyday arithmetic practice by systematica11y exploring high
variance in the practice of arithmetic problem solving. In essence, we
decided to sample many instances of problem solving, across sjtuatidns

whose characteristics we had theoretical reasons for thinking might lead
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to differences in math practice; and across individuals whose demograph1c
'charﬁcter1stlus m1ght theoret1ca11y affect variation in ar1thmet1c
gract1ce. Yet in a way this is too simpie a description; for ultimately
we want to build an integra] account of arithmetic practice growing out
of relations between peopfe-acting and the contexts of this activity.

The chargcterﬁsticé of informants that.we set out to vary included
amount of schooling, age,‘timelsince schooling was completed, aqd
income. In add}tion, for the ;upermarket study fn=25) all had to be
expert grocery shoppers and major grocery shoppers for their households.
For the diet organigation study (n=10)/;f1 had to be novices with respect
to Weight Watchers. A1l thirty-five inﬁormants spoke english as their
first language, and attended U.é. Public schools. We imposed this
homogeneity on the sampie because sppken'and written number systems
' affect the salience of simple arithmetic operations, and customary
linguistic forms for expressing arithmetic operations have similar
effects. Also, arithmetic algorithms differ from country to country. We ™ -7
made no aétempt, however, to_control for historical change in Q.S. public.
school approaches to the teacining of arithmetig, or to regional

differences. The following table.lays out a demographic profile for the

sample.

/




Table 1:

Informant Characteristics

44
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mean _ range
Aage 43 years 21-80 years
schooling 13 yea:r . 6-23 years
time since
schooling .
completed 22 years 0-66 years
family income $27,000 ~ $8,000-$100,000
Number of children
in household 1.5 children . 0-7
Number of persons '
shopped for regularly 3.2 1-9
sex ' - 3 males, 32 females
Use of math on job 8.0 0-20

The variance in age and family income is undoubtedly 1$rge. Yet,
though the highest income was $100,000/year for a family of £wo and the
Towest was "$8,000/year for a family of four, we do not believe we were
successful in expanding our sample beyond the middle class. The 58,000‘
family was in a temporary state of -low income. The wea]thies£ couple had
earned their current state of affluence themselves ang in a relatively

’

few years. One other modified success was the attempt” to separate,

through ampling procedures, age and time since schooling was completed.

It seemed quite useful to separate these two effects if possible, because

they address questions concerningifhé<aétﬁ}é of changing arithmetic
performénces across the life-span. The correlation between these

variables in our sample is almost certainly lower than in the population
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at large, but they are not completely independent. The sex ratio in the

A

sample {g/quite uneven, preponderately female. Expert and novice

statuses for the grocery shoppers and Weight Watchers, respectively, took

precedence over sex as a criterion for choosing informants. Our‘estimate
of arithmetic involvement on the job is a re1at1ve one, useful only as a
crude means of depicting the contrasting e§per1ences of the imformants.
It is simply the number of kinds of job math on a Tist we supplied that
informants say they do regularly at work. It is included primarily to

check for interconnections between this crucial educational (as well as

work) arena and school, best buy session, and supermarket arithmetic
interrelations.

In sampling the informants’ activities, the most important const ct
was that of "school-like" activitiee. Since all were adult alumni o:fk
public school system, there is no way around the need to accept a *
wgtand-in" for school if we wish to compare the performance levels or
substantive procedures for arithmetic between school and other
situations. (Perhaps there is comfort to be taken from an argement
intended by its author to support the position that investigating
problem-solving in schools s sufficiently like experimental conditions

. to obtain-rigorous resuits. Here we turn it around, to argue that
experimentally designed problem-solving tasks are sufficiently like
school to provider relevince. Thus Kvale, 1977:186 comments:
”Discardin@ the laboratory studies of 1ist learning in favor of
remembering in natural environments need not imply a reliance on

subjective impressions and anecdotes. It is precisely the

#the
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well-controlled (school) examination situation, where the.natural world
‘ ‘has become adapted to the experimental laboratory . . . that should

secure ‘experimental rigor.")

-

Table 2: Arithmetic Tasks Carried Out by Info;mants

School-like tasks Mediating situations Everyday Activities-
or tasks in-setting

1. paper and pencil 1. solving arithmetic 1. grocery shopping

arithmetic test problems mentally arithmetic in the
. supermarket

2. standarized multiple 2. recall of arithmetic 2. serving portion
choice test on number facts control among
arithmetic -~ novice Weight

Watchers

3. recall of measuring
system facts

4, best buy arithmetic
problems in a super-
market simulation
5. solving arithmetic
problems with a hand-
held electronic
calculator
We have divided the various math tasks which we observed, or asked
our inforygnts to carry out, into three parts. In order to explain in
detail MGW we hdve pursued an understanding of relations between school
afithmetic and arithmetic practice elsewhere, let us examine the tasks
one by one.

~

B. Substantive Links: Descriptions of School-Like Arithmetic, Mediating

Situations and Tasks, and Arithmetic Practice in an Everyday Situation




School-Like Tasks

The Math Test included fifty-four problems of various kinds. (This,
and each of the other tests and tasks described in the following pages,
is reproduced in Appendix I.) These® include integer, decimal and
fraction problems, each category including addition, subtraction,
multiplication and division. (This portion of the test was borrowed
practically in toto from the.Torque Project at MIT. We take this
opportunity to express our gratitude to them.) Additional problems were
developed according to two criteria. The first was to explore arithmetic
operations‘a 1ittle more broadly than the Torque Test. Hence there are
also some negative-number problems and a few which required a knowledge
of associative and commutative laws to solve. The second was to allow us
to.pursue in a testing situation problem solving activities parallel to
tEose we had discovered in grocery shopping arithmetic durinb pilot
work: Thus a number of problems demanded a comparison of two fractions
to decide which is the larger. For example, probiem 51 says, “circle the
larger fraction: 6/3 or 5/4." A final cluster of problems combined a
decimal and a fraction (using each of the arithmetic operatjons). We
were interésted to know whether there were preferences among the
problem-solvers when one numerical expression must be transformed into
‘the same terms as the other. Both kinds of probléms reflect our
observations that ratios and conversion from fractions to decimals and
vice versa are far more common than might be supposed from our

stereotypes of everyday arithmetic. This is due, we believe, to the

ubiquity with which activity-settings are linked in sequences and cycles
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such that very often things taken from one setting into another play
sufficiently different roles in the two contexts that fhe quantitative
characterization of an i£em in one setting must be transformed into a
different characterization in the next. (Think of buying a 32 ounce sack
of rice but cooking X-number of cups of_rice.) Fractional compares and
transformations from one measurement system to another have not attracted
sufficient attention, in our opinion, given their_importanceiin everyday
practice.

We thought people might find certain arithmetic operations easier
than others. But in fact there are no signficant differences in success
with one operation or another. (The highest mean score, for addition
problems, was 68%, the lowest, for division problems 55%.) As expected,
division appears to be treated as reverse multiplication, just as
subtraction is often treated as reverse addition (90-30=60 is assimilated
to 30+what=90). Far more interesting are the difference in performance
levels for different types of arithmetic. Informants are notably more’
agile at integer arithmetic than other kinds, while fractions a;e by far
the most difficult. We will explore this %uestion.further as the
analysis proceeds. Table 3 summarizes thefmean scores of 34 informants

for each category of arithmetic.
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Table 3:
Mean Scores, by Type of Arithmetic and Operation

¥

Type of Arithmetic Mean Score (in %)
Integers 84%
Decimals 67%
Fractions . N~ 48%
- Ratio Comparisons 57%

A1l addition problems . 68%
A1l subtraction probs. 65%
A1l multiplication 55%
AT1 division problems  55%

Before beginning the analysis of test data, let us introduce the

second school-1ike math task, a set of multiple choice questions from a

standardized test. This includes granslations bétween numerals and

written numbers; comparison of fractions to decide which is larger;
. .;.,)’ -~

conversion from fractions to decima]s,’and‘vige versa; rounding and

est1mat1on tak1ng a simple average; and¥a- few questions about metrics.

This selection of ‘questions from a much 1arger'test fef1ects our

particular interests, prev\ous]y d1scussed in re]at1on to the math test.

‘Building strong over]aps between d1fferent means for inquiring about a

-

single kind of knowiedge or sk111 is typical of our procedures in

genera]. Rather than break the test down here for deta11e3‘compar1son

ultiple

w1th the math test, we will utilize on]y the tota] score on m




A copj.of the multiple choice test may be found in
pd
Appendix I. P

|
|
|
choice questions.
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" Mediating Situations and Tasks ‘ 4

The first of these is a set of(four mgntal math problems. We are

- primarily interested in the procedu&bs employed in solving these

prqb]ems. But this analysis has not yet been performed. (In this reporf

-
B

"we have bgen able to present most of dur planned analyses, dowr to the

jevel of dissecting process data on actual problem solving procedures.

This is available only for the supermarket problem solving episodes. We

'expect‘to pursue it in thegfuture.) Here we will include only

performance scores on the mental arithmetic problems, for purposes of .

analyzing patterns of pérformance on diffrrent kinds of tasks. A quick '

inspection of the problems will probably be more useful at this point ~ %

than further exposition.

A major reason for treating the mental arithmetic probiems as

possible mediating tasks between school-Tike tasks on- the one hand and

everyday situations on the other hanc

head rather than with paper and pencil.

y situations approximate mental math

. i

comes from its execution in the

. \
We think the techniques for

. . ;

|

solving problems in everyda

problem-solving circumstances more closely than pencil and paper math.

Further, we have already suggested that paper and pencil a]éorithms may

be the major identifiable approach to arithmetic which may be uniquely

jdentified with schooling. Mental arithmetic also might serve to . ) :

differentiate between more and less school-1ike strateqies for _
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prob]em -solving. That is, it is possiblie to approach mental math
problems by visuaiizing them as if written on paper, and using place
holding a1gor1thms beg1nn1ng at the right and proceed1ng Jeftward through
the problem as if on paper. Alternatively, the problem solver can apply
a host of techniques for decomposing and‘siﬁp1ifying mental math
problems, so that ari@hmétié operations are app]iéd to humbérs treated as
units, rather,than to base-10 columns, as on paper. Qur future analysis
n -+ of 1nd1v1dua1 strafeg1es may allow us to differentiate between the
individual problem solvers; we expect, however, that the overwhe1m1ng
majority will use decomposition, simplification ,and recomposition
techniques. This expectation is; of'course, {mp1ied by our broad finding
concerning the situational specificity of arithmetic procedures.

The mental arithmetib'facts, and measurement facts task§ were meant
to test the hypothesis that specific, rather than general, knowledge is
the major 1e§acy of schooling. Very shortly we will Took at relations
_pepween,hath fact knowledge and tﬁé frequency with which shcppers

-

calculate in the supermarket. But the unusual format of this exercise

’ deserves comment. We thought that perhaps people would be more inclined
to calculdte in every setting if they commanded a ready fund of

arifhmetic facts. We therefore asked: informants to respond to verbally .

|
pﬁpsented problems with an instant answer, if they had it memorized, or

to\te\1 us that they would nead to f1gure it out in order to obtain an
answer. Migalski in fact produced a more sensitive scheme, 1nvo1v1ng

A i
T‘~ " pause length between question and response, to measure how accessible the

‘ : math facts were for each individual. ’ . ‘ M‘

ERIC Y
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We did dotileeve the matter here, however, and developed two indices
of mental factual knowledge, one a measure of qu1ckness of access to math
and measurement facts, built from the pause data; the other a measure of
aé@uracy as a function of speed. The first is presumed to ref!ect the
confidence of the problem soiver,lthe second the efficacy of the
problem-solver at retrieving arithmetic facts. The relations of these
variables with others will be discussed shortly. The absence.of
relations between specific math facts and other arithmetic performgnces
suggests that the nature of arithmetic procedures’may.differ across
. seftings in’ways more radical than previously suspected. ‘Th%s suspicion

is born out by the analysis of supermarket math in section Iv.

"Best Buy Problems in a Supermarket Simulation

Jhe megiatiné nature of this task is to be found in its relations
with grocery shopping arithmetic, thought it also is related to the
fraction comparison problems on the math test and multiple choice tests
as well. We designed these problems (and also the fraction.comparison
problems on the math test) to test hypotheses about the procedures’ used
in so]eing a particular kind of problem observed in pilot work with )
grocerx sh0ppers'in the supermarket. Now‘and then they wished to f-igure
out which of two or three items was the better bu;--wou]d give the most
for\the mene;. ‘PEOp]e sometimes utilized unjt price shelf labels in
making purchase decisions. But>ipvariab1y, if constructing tﬁe?r own

" calcuTations of superior price/quantity ratios, they compared the two




‘cbmparision of like units. Second the comparison of like un1ts

© 53

>
prices and the two quantities, but did not form ratios composed of unlike

unite.

u; can speculate about why fhey proceded in this fashior. First of
all, they may'perceive best buy calculations as an extension of the far
more cohmon practice of simply comparing prices for two items of

-

equivalent weight or volume, which would, of course, lead to a

circumvents the problem of dec1d1ng what units the quot1ent would be

expressed in for a unit price calculation. Third, and perhaps most:

convincing, price/price, quantity/quantity comparisons require two

calculations only--the second being a comparison to a target ratio
established by the first calculation. Unit price calculations involve

two independent calculations, the results of the first being stored while

_ working on the second. Only after the second calculation is the

comparison yndertaken, as a third siep: In short, unit price
calculations are more cumbersome than best buy ceTcd]ations. Urit prices
take their utility as public, durae1e be]cu]ational results precisely
from their self-contained character, for such a calculation presupposes

no particular comparison item-zunlike best buy calculations. It may be

‘noted that best buy calculations do not occur at the 1eve1 of decision
+ making at which the shopper mlght stare at an entire grocery display and

ask, which, among many products, would be the very best buy? Instead,

like essentially all price arithmetic in tfe supermarket (see section IV .

"of this report), best buy calculations occur when the decision process

v

for choosing a particular item has reduced the alternatives to no more

-

<
L}

<
€9}




Under these circumstances, the

than three and almost a1ways to two.

specific comparison is a more efficient calculational technique than the

unit price.
" Twelve ‘best buy probiems were presented to each informant, in their

homé, in a session with the math tester. Some were presented on tards,
others involved actual bottles, jars, packages and cans from the
supermarhet. The quantities and prices pn these jtems were-major

ad to satisfy both the -

cr1ter1a in choosing them. Each pair of -items h

red no doctoring of either price or quantity and

criter1on that they requi

. qthat they cou]d fill a place in a system

d in price and&quant1ty compares.

atic scheme for varying the

'rat1os involve ‘The informants were
,asked to figure out which is the better buy for each problem, doing the

' probiems without paper and pencil. After each problem they were

rocess they went through in arriving at a

e following: (1) Neither price

'1nterv1ewed about -the p n answer.

The pr1nc1p1es we had in mind were th

ou]d be routinely chosen as the place to start in solving

nor quant1ty sh
more 1ikely that the problem solver would

these problems, rather, it s

jnspect both pa1rs of pr1ces and quant1t1es, seeking the neasiest" ratio
as the p1ace'to beg1n. An "easy" ratio is‘one which is simpie and alsO

precise. Simple rat1os include first and foremost 2/1, but also

(3/1,4/1,5/1'and 10/1. Precise rat1os would i.clude two prices, $5 and

$], or 50¢/25£, or 480z./24'0z, Next easiest would be ratios easily

1mp11f1ed to s1mp1e rat1os $1.79/.59, an example from our grocery

shopp1ng data, is representat1ve Difficult, but still manageabie,

(2) In general, best buy problems are

ratios would include $3.10/.99.




“that‘s twice as much as

\\cprried out.by simp]ifying'fhe first ratio,
\
ﬁQ:S,“ then examining the second pair of numbers to see if their ratio 1is

) greater than or less than that of the first pair. (3) Not all prob]ems

are Qest buy problem, and they fall into a simple typology: If A is

sma11er and more expensive than B, no ca]cu]at1on is required--B is a

bargain. If A and B are the same-size but different pr1ces, a simple

e -
) comparison of pr1ces will reveal-the better buy. JIf A and B are

different sizes and difference prices, one jtem smaller and the other

more expens1ve, a best buy calculation is requ1red The twelve prob]ems

inc]ude these three types. "The bargains, simple compar1sons, and best

buy calculations could be arranged in order by complexity of the

calculation-demanded. But differences in comp1exity don't tax informants

y successful regard1ess of prob]em

it appears, .since they were yer

complexity. (4) The data confirm our hypotheses that easy ratios are the

"major factor in shaping the sequence of calculations involved in best buy

problem-solving. people prefer to compare 1ike units to unlike ones, but

we purposefully made two probiems so that one unit price ratio was the - -

rost attractive of the four possible ratios, and in this special

circumstance it was the!overwhe1ming choice for the problem-solivers.

/

Calculator Problems

’ Very much in the spirit ofla»sma11 hobby, we have been ¢urious as to

whetner hand held calculators were in frequent usé in everyday

situations, and also to what extent people were habitual users. We asked

informants how frequent]y they used calculatorsy what they used them for,
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and we also asked them to sSIye~two fairly ‘complicated arithmetic
problems on & hand held ga]cuTator. Most of them had a calculator. We
supplied one for those who did not. But their limited use by informants
made this a relatively uni11uminqting exercise. Twenty of the
thirty-five informants repo;ted using a calculator no more than once a
month. Only six reported daily use--at work rather than in domestic ’ .
contexts. The only use reported by the majority (23/30) of informants
was in balancing checkbooks, In fact there was very 1ittle familiarity
displayed with the use of calculators. Many did not know how to set up -
the problems, even if they had a c&icu]ator. Théy often used pehcif and
paper to carry the bruntlof the probliem so}ving activity, using the
calculator only as a simpie adding machine. It is also the case that we
almost never saw, in casual observation, or among our meticulously
observed informants, the use of a calculator in the supermarket. Even
one person:wﬁo announced that she had one with her, and "used‘it often"
in fact used it only once, and that on the last grocery item she
purchased, possibly in the interests of verisimilitude. Like paper and
pencil, it appears that calculators a}e too unweildy for convenient use
in the supermarket. They .require too mﬁch hand work to be feasible when
it takes two hands to push a cart, another to get groceries off the
shelf, one.to hold a grocery 1ist, one to hold a pocketbook and severai
more for children. The major use we shall make of the calculator

problems here is in the discussion of ideological links between school

‘and everyday arithmetic practice. In the present section we shall simply
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include the calculator problem score among the other math task scores for

correlational analysis.

Arithmetic Practice in_an Everyday Situation

The analysis of arithmetic practice in the course of grocery shopping
is the subject of such detailed analysis in section IV. that not much
needs to be said about it here. For purposes of the analysis £o follow,
we have developed three variables, one, the frequency of ca]culgtion ih
the store, per item purchased; another the percentage of times the
calculation led to an arithmetically correct solution.: In addig%on,
there is a variable reporting how nearly shoppers estimafed the cost of
the groceries in their cart, standing in the checkout line before
reaching the c@ecker. The most erroneous answer differed from the actual
grocery bill by 36% but this was the exception to a truly jmpressive set
of estimates, half of which were within 10%. This is especially
startling considering the number of items purchased and the size of the
bill. It is characteristic of everyday arithmetic to find none of the
wildly wrong problem solutions wh%ch are found in school.

At this point the means by which“we composed the sample, and the
various tasks and situations informants took part in, have been described
in sufficient detail that we can begin the analysis of‘relations among
them. The central questions guiding the whole enterprise are whether,
and how, school learning of arithmetic can b?udem01strated to have 1links

with the pract1ce of arithmetic in other settings. It is to these

questions that we now turn.
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C) Substantive Links: Statisfica] Analysis

Although we have explored the data extensively using regression
analysis, in the end we have relied primarily on simple percentages and
correlation coefficients. We often have used them in sets, placing
interpretive emphasis on the level of patterns of relations among -
variables, ratﬁer than on individual-statistical indices. Table 4 lists

the different arithmetic tests and tasks and their associated mean scores.

Table 4 : Mean Scores, A1l Math Tasks

Math Task , Mean Score (in %)
Multiple Choice 82%
Math Test 59%

Math Test Ratio Probs. 57%

Mental Math 75%
Number Facts 85%
Basic Measure Facts 66%
Best Buy 92%
Grocery Shopping 99%

/

From this background table it appears that the paper and pencil math

problems are the most difficult of the school-like tasks, multiple choice

the easiest. Scores on the mental arithmetic problems are slightly
better than those on the math test. Informants had an impressive command

of arithmetic facts. Measurement facts required no calculation, but it
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appears that people don*t know a whole lot-of them. By con;rast, the

best buy problems did require calculation but were startlingly well

done. If we ignore for the moment the two tasks that did not requ{re
calculation {one school-like task, the multiple choice problems, and one
mediating task, the measurement fact problems), it appears more difficult
to do school-1ike tasks,than it is to do best buy problems. But this is
it is easier to

no simpie function of differences in problem difficulty:
do ratio comparisons in the best buy problem context (92% correct) than
in the math fest context (57% correct). This is a really surprising:
findihg é;Béciéi1y»beEaUSe the ratio probiems on the math test were
designed‘to corresponé with best buy calculations, according to the
ratios used, their difficulty, and so on. The real news in this table
is, however, the extraordinary success rate for supermarket probiem
solving. This will be a major focus of analysis in section IV;

The apparent variation in success at dealing with ratic problems in

test and best buy situations suggests that it‘might be worthwhile to

inspect the correlations between .performances on different math tasks

(Table 5).
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Table 5 :Intercorrelations of Math Task Performances

Multiple Math Mental Number Measure
Choice Test Math Facts Facts «
Mult.Choice XXX .86 .24 .34 .34
(.001) (.05) (.03) (.03)_
Math Test XXX NS .33 NS
‘ (.03) .
Mental Math XXX NS NS
Number Facts ) XXX 44
. ) . . ( .005)
Measure Facts XXX _ ‘\\ ;

performance success oOn schoo]—]ike tasks are intercorre]éted.
performance on the mental math problems is not related to,penci1 and
paper math test performance. Knowledge of measurement facts is
correlated with knowledge of number facts and with the multiple choice

test (on which there are a number of measurement questions), but not with

pencil and paper problem solving, as we might expect. On the other hand,

total number facts shows a marginal relationship with the schoo (~1.ike
tasks (correlations about .33, at .03), though not with the best® buy
problems or with supermarket math. Most important, (see Table 6, below)
the best-buy performances are not correlated with performance on any
other math task. This contributes to a picture of situatioe-specific
arithmetic procedures and performances, further born out by the absence
of correlation between any of the math tasks and the frequency of

calculation in the supermarket. (There is one exqept1on--measurement




facts. Among the measurement facts, weight and yolume facts help to

account for variance in frequency of calculation in the supermarket, but
not length, as one would expect.) We cannot emphasize teo strongly a
major finding of this research: ‘that problem solving in the supermarket
is virtually~error free. In carefully and prec1se1y deta11ed '
observations of several hundred calculational ep1sodes in the
supermarket there were only three 1nstances of errors in the ultimate
outcome of price arithmetic, all by a single individual. Among‘other
things, this. has led us to construct a var1ab1e to ref]ect differences in
arithmetic activity in the supermarket. We chose frequency of
calculation as the best substitute we could think for performance success.
!

Table 6: Correlations of Math Tasks with Best Buys and Grocery Arithmetic

Math Tasks Best Buys Grocery Math Freg.
Multiple Choice NS NS

Math Test ) NS NS

Mental Math NS NS

Number Facts NS NS

Measure Facts NS .39 (.03)

The results so far do not support the proposition that agility at
pencil and paper zigorithmic arithmetic is a good predictor of efficacy
in otherYprob1em solving situations. Yet it may be that more subtle

relations are masked by treating the math test as a unit, when in fact it
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may represent several kinds of problems. Even a breakdown between
integer, decimal and fraction arithmetic may not reflect the most salient
divisions between math most likely to be employed in everyday settings

and “the rest." With this argument in mind, we decided to separate basic"

integer arithmetic from the rest of the math test, and also to single out

the ratio (fraction comparison) problems as another subset that might be
related to arithmetic in other settings. In the analyses that follow,
BASIC math, RATIOS and NEWMATH(the rest of the arithmetic tést) are
substituted for the math test as a whole. The three are strongly
correlated with each other. Thus, the BASIC, NEWMATH correlation is .43
(.001); the BASIC, RATIOS correlation is .37 (.005); and the correlation ‘

between NEWMATH and RATIOS is .55 (.001).

Table 7: Correlation of Sub-Tasks on Math Test with other Tasks

Math Tasks BASIC NEW RATIO
Multiple Choice .45(.001) .86(.001) .55(.001)
Math Test .42(.001) .97(.001) .65(.001
Mental Math NS .22(.052) NS
Number Facts .27(.020) .34(.023) .24(.035)
Measure Facts NS NS NS

Best Buy NS NS NS
Grocery Freq. NS NS NS
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The greater diversity of correlation levels in this table ref]ect§ a
greater performance distinction than we have seen before. While rat16 -
problems receive scores similar to the math test as a whole (57% and 59%
respectively), BASIC integer math shows a considerably higher mean score
(84%). Table 7 provides the information that basic interger arithmetic
scores are less high]y.corre1ated with other school-like ar%thmetic tasks
than the rest of the scool-like tasks are with each other. Let us
inscribe this distinction in thg terminology employed hereafter, as that
between basic and doodad math. The 1a£ter term will take on greater
meaning as we proceed. ] ‘ .

One way to describe the pheﬁomenon is to say that people seem to know
the most basic arithmetic procedures better than we might have expected,
given the mean time e]apséd since schooling was completed for these
informants (22 years); at the same time, it may likewise be surprising
how Tittle informants remember about other parte of the domain of
arithmetic, given that from the pérspective of either the educational
system or the discipline of mathematics arithmetic looks 1ike a very
small, systematically structured unified body of knowledge. Thus scores
on doodad math seem surprisingly low. The terms "basic" and "doodad" are
intended to convey the informants probable views on the matter: there is
a certain, small amount of arithmetic that is ubiquitously useful in
1ife, and a bunch of mathematical rituals whose only useful context was
school, many years ago. (Kathy Larkin's work illuminates the processes
by which doodad math is generated by adults in situations like the

arithmetic test. She calls the partially remenbered algorithms
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"knowledge islands," and shows how people reconstruct bridges between
them, and also reconstruct useful information.)
We must not be hasty about our conclusions, however. It is poésib]e

that integer arithmetic is learned in the supermarket and other scenes of

" daily life rather than in school. In fact, what seems most playsibledis

that it is learned, honed, refreshened, and used in many differént
settings including school. Certainly, we kncw from Herb Gihsburgfs work
that children arrive in first grade with cons%derab]e kno@]edge of
integer arithmetic. Npat we can add‘to the picture is the continuation

of this phenomenon throughout life.

If such a distinction appears in the arithmetic test, perhaps it will
be found elsewhere. Math and measurement facts conform to this samek
pattern, with an abrupt drop in the number of know]edgab}e informants
when the problems are (literally?) out of the ordinary.

Another way to approach the problem of links between schooling and

math practice in other situations is to examine relations between the

math task performances and demographic characteristics of the. informants
But first let us inspect the pattern of correlations among the '

demographic variables themselves (Table 8).
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Table 8 : Relations Among Informant Characteristics

Sex Age School Time Since Kids Job Math Income Calculator

Sex XX, NS NS NS NS NS NS -.33(.02) -
Age XX NS .87(.001) NS -.30(.05) NS NS
School o NS NS .37(.02) .37(.02) NS
Time Since XX NS -.34(.03) NS NS
Kids : XX NS ,  .33(.03) NS

. Job Math - _ XX . NS .34(.03)

- Incone XX .34(.03)
Calculator Freq. _ : ; Xi O

" Sex ‘of informant is significantly correlated (at .02) with reported

SR

-

frequency of calculator use, (more often by men than womer). Age and
time since last schoo1 ng are far more n1gh]y corre1ated than we had

hoped ‘Amount of'schoo11ng, income, and the use of math on the job are

re]ated but of course, the causal re]at1onsh1ps between these var1ab1es
‘. is a matter of ongcing debate. As reported ear11er ca]cu]ator use seems

more a matter of use in work sétt1ngs than domestic ones, which helps to

account_for correlations between both job math and income and reported _ .
ca]cuiator uses. We explored this set of variables a litt1e further: -
Job math is more highly correlated with experience in higher math courses
than with the more general variable, "veahs of sthoo].“ Whether |

providing credentials, teaching enabling skills for technical jobs, or
. ]
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both, it is impossible & séy here. This constellation of variables is
related to performénce on the non-basic part of.the arithmetic test,
though nct to basic math, nor to best buy calculations and grocery
shopping math. It appears that use of math on the job may provide a
lifelong curriculum for the learning and practice of some doodad

arithmetic.

- Let us look more closely at patterns of relations between math tasks
and the informants' age; years of schooling, and years since schooling

was completed.’
Table 9 :Age, Schooling and Task Performance

age Since school yrs school .

multcho 257 -.56 44
%math test -.45 ' -.53 A7 .
% new test -.46 -.53 : .48
M ! '.
- % ratios -.24 -.30 .21 .
%baS'iC \ -o]] = "014 008
%#fact .24 a2 .20 et
Ymeasure a3 . .2 .33
. %
_bestbuy -.08 -.16 .002

mental . -.32 -.30 .13
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First of all (Box 1 in Table 9), the older tic problem solver -and the
further f}om last schooling, the warse the performance on school-1ike
probliems. - The exception’is’basic integer math; and‘hgre age and time
éinceilast‘scﬁoo1ing do not\affgct performancé (Box 2). .Nor are number
and me;surement facts and best buy calcuiatipns affected by age and time
si- ce ]a;t schooling. It suggests that they are a function of 1ifelong -
education. through use, rather than a relatively unique product of
schooling. (fhe negative 'sign associated with the’ corelations for both
age and time ;ince schooling are to be read as, "the older or further‘
from school, the lower the score.) There is a high, and highly.
significant correlation between years of schooling and performance sgore§
on school-1ike tasks, and nearly significant correlations with tre number
facts, measurement facts and basic math.score(Box 3 in Table 9). Because
these were ambiguous, we ran regression equations, holding age constant '
td'cﬁeck on the affect of schooling on these variables and it drops to
insiénﬁficanpe. (This contr§sts with what happens wheﬁ age is he]é
constgnt'and schooling allowed to vary in relation to the school-like
task;;—schoo1ing stays significant in this case.). The ne%ations of Best
Buy performénce to the age and schooling variables is a bit different
than the others. Like the frequency of arithmétjc in shopping variable,
there is né-significan§ relationship between the béstbuys and age, time
s%nce Jast schooling, and amount of schoo]iné. The mental math problem
performance score is the on]& one which shows a different pattern of

relations with the demographic variables. Thus, its relations with age

and time since last schooling are like tﬁe school-like tasks, but it’
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- appears more like the BASIC and facts variables in relation to
schooling. It may well reflect, in terms of favored problem solving
procedures a swjng point between school-like procedures and everyday
ones, but this must remain speculation until we can complete the
procedural analysis.

These data subport our general position very strongly. " Those tasks
we hypoihesized to be representative of school arithmetic show close
dependence on schooling--the more of it one has, and the closer to it in
time, the better the problem.solving score. But An tasks which were
designed to replicate the everyday problem solving activities we observed
in the supermarket, and in the latter activity itself, ar1thmet1c
performances bear no relationship with schooling, time since schoo11ng or
age either. The generalization is as true for the specific math and
measurement facts as it is for the general arithmetic principles tapped
in the math test. There is no evidence that those facts, and basic
integer arithmetic are not learned in school. ﬁas does appear to 'be the
case is that they are also learned in use, throughout life. Thé portion
of the sch601 curriculum which also appears in 1ifelong lessons' is S,
str1ngent1y limited, though adult problem solvers are not without the
resources and ingenuity to reconstruct some of that substantial portion
of the school arithmetic curriculum that takes on the role of esoterica
from their perspective as school alumni. We suggested in %he beginning
that the theoretical aéprpach taken here could not but highlight the

contradictions between the various goals for schooling. It should now be

clear that the empirical findings of the project-presentlthe same message.
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I1V. The Analysis of Arithmetic‘Practice in Context: Grocery Shopping
Arithéqtic

There is .a serious problem with the analysis in the previous section
for it Qas based on the premise that both tasks ané ﬁérformances can be
»1ifted" from their contexts and explored as if their reality were a
matter of fact. This approach is dirégt1y contrary to thé theoretica1

stance of the project. The previous section must stand as a memorial to

" our own early attempts to conceptualize the important theoretical

questions concerning math practice; certainly it was these questions that
we built into our plans for carrying out the p;ojgct. There is a more
forward-1ooking rationale for th; analysis in sec¢tion 111 as well. By
presenting statistical evidence for the situational specificity of '
arithmetic derformances as a conventionally argued case, we hope to have .
established, for-the broadest possible audience, reasons for considering
the theqretica] framework as well. But we have yet to present a
full-blown example of this theory in practice. The paéer presented in
this section consistently takes the position that drithmetic practice is
shaped by the actor's activity in dialectically generative relations with
the setting in which that activity takes place. And it analyzes the
processes of arithmetic problem éo]ving that we observed our informants
practicing in the supermarket. Following this analysis the report will

conclude with a consideration of the educational implications of the work

described in the report as a whole. ' .
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(Jean Lave, Michael Murtaugh and 0livia de 1a Rocha. To be published

s “The Dialectical Constitution of Arithmetic Practice," in B. Rogoff
and J. Lave (eds.), Everyday Cognition: ItsDevelopment in Social

Context. Harvard University Press, 1983.)

A) Introduction ) L

The ubiquity and unremarkable character of routine activities such as
grotery shopping qualify them as apt targets for the stddy of thought in ] R
its Fustomary haunts. For the same reasons, such activities are
difficult to analyze. We think such an enterprise dgpends on an
integrated approach to everyday activities in their usual contexts. In
this chapter we address the gene}a1 problem at a fairly specific level, " '
analyzing a recently gatheﬁed body of data. This exampie involves é /
fam111ar social institution, the supermarket, an environment, h1gh1y
structured in relation to a clearly defined activity in that sett1ng,
grocery shdpping. )

The Adult Math Ski]ls project has as its goal the exp]ora;ion of
arithmetic practices in daily life. Michael Murtaugh has carried out one
branch of the project, developing both theory and method for ana1y21ng
decisioﬁ—making processes during gr;cery shopping, including.the role of
ar1€€§}t1c in Lhese processes This has involved extensive intervjewing,

¥

' obsérvat1on and experimental work with twenty-five adult, ‘expert grocery

v

shoppers in Orange County, Ca11forn1a. Detailed transcribed observat1ons

LS
v J
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of shopping preparation; a major shopping trip, storage and use of the
purchased foodstuffs over a_period‘of weeks, compose one dimensidn of the
work. A comparative d1mens1on, 1nvo1ving a sampling of arithmetic
pract1ces in several settings by these same individuals, w111 be
discussed below. The Orange County residents vary in age from 21 to 80,

in income from $8,000 per fami]y to $100,000, and in educat1on from 8th

. grade to an M.A. degree. Twenty two are female, all are nat1ve speakers

of Eng]\qh whose schooling took place in U.S. pub11c schoo]s.

In recent years there has been increasing concern about the
ecological validity of experimeﬁta] research within cognitive. and . .
developmental psychology (e.g. Bronfenbrenner and. Mahoney, 1975; Neigser,
1976; Cole, Hood &nd McDermott, 1978; Bronfenbrennér, 1979). These, and
other, researchers have speculated that the circumstances that ‘govenn the
role of most problem so]viﬁg activities, in sjtuations‘ﬁhich are not
prefabricated and minimally negotiéb]e,'ére different from those whighb

can be examined in experimental situations. JThe questdons raised by

tHese‘specu1ations are fundamental and demand more fadica1 changes in the

nature and scope of theory and empirical researth than has, perhaps, been
generally recogn1zed (see the Introduction, this volume). Because we are
o

trying to develop a new perspective from which to consider cognition in

context we initiate the enterprise here as simply as possible, with a

sar fes of commonsense propositions about the contextualized nature of
human activity. These will-provide guidelines for the empirical study
which in turn may suggest more strongly the outlines of a systematic

theoretical position.
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1) Lgt us éssume that "arithmetic activity" has formal properties
which make it identifiable in the flow of experience in many different
situations. 2) Arithmetic prob}em solving is smaller in scope than the
units Qf activity in which people organize and think about their
activities as wholes, and in relationship to which setiings are
sEFcifica11y organized. The enormous productivity of script theory, on
the one hand, and the organization of environments in relation to
‘scripted’ activiffes, e.g., "the drugstore," "fourth grade classroom,"
suggest that human organization of activity gives érimacy to segments on
the order of 10 minutes to 2 ﬁours: 3) If this is .so, solving an
arithmetic problem must be experienced by actors as a smaf] segment of
the flow of activity. 4)‘It follows from (2) and (3) that the character,
form, outcome and meaning of arithmetic activity should be strsng1y
‘shaped by the broader scope of act%vity\and setting'within which it
occurs. 5) It will also be shaped by the past experience and beliefs of
the problem solver about what the individual believes herself to be

’ doing, what should happen in the course of it, and the individual's
personal version of the setting in which she acts. 6) And finally, an
"integrated" approach to activity in context has two meanings: the
integral nature of activity in relation with its contexts; and the mutual
entailment-of mental and phygica1 activity. Both meanings of
"integration" imply a prescription for research methodology: that
relevant data is to be acquired-as directly as possible about

people-doing-in-context.
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These propositions do not constitute a theory of activi%y in setting,
fo} they do not specify relations between activity and setting, or
between the individual aéd the social order within which the world is
actively experienced. In\ﬁheir present form, however, they suggest a
series of analytic steps, and it is around these that the remainder of
the chapter is organized. Grocery shopping is an activity which occurs
in a setting specialized to suppd(t jt--the supermarggt. “Grocery
shopping" is what we asked our in%brmants to do, during which we paid
special attention to arithmetic.segmen{s of activity jn context, and
within the flow of activity. The ana]jgig begins at that Tevel, then,
with the supermarket as arena for grocery éh pping activity.] The
analysis of setting and activity is focussed on the question, wh-t i§ it
about grocery shopping in superqarkets that might create the effective
context for what is construed by shoppers gfﬁﬁbrob1em solving activity."
what,’then, are the general characteristicd of problem solving, when
something happens in the course of shOppinE\tﬁﬁt appears problematic to
the shopper? And finally, how does-the character of probiem so{ving
activity within g¥0cery shopping specifically affect the Ydture of
arithmetic problem solving? To answer these questions, we pegin by

taking apart the unit of analysis, that is, activity-in-setting.

B) Setting
Our current view, that the relation between activity and setting is a
dialectical one, conflicts with Barker's position which assumes a

unidirectional, setting-driven, relation between activity and setting.




Nonetheless our conceptualization of setting derived initially from the

work of Barker and his colleagues (e.g. 1963, 1968). He states his

position thus (p. 4),

The view is not uncommon among psychologists that the
environment of behavior is a relatively unstruétured,
passive, probabilistic arena of objects and events upon
which man behaves in accordance with the programmingkhe
carries about within himself . . .. But research at the
Midwest Field Station and elsewhere indicates that Qhen we
Jook at the environment of behavior as a phenomenon worthy
of investigation for itself, and not as an instrum%nt for
unraveling the behavior-relevant programming withfn persons,
the situation is quite different. From this viewpoint the
environment is seen to consist of highly structu%ed,

jmprobable arrangements of objects and events which coerce

behavior in accordance with their own dynamic patterning.

For Barker (1968), a segment of the environmert is sufficiently
internally coherent and independent of extérna] activity flow to be
identified as a behavior setting, if little of the behavior found in the
setting extends into anofﬁer setting; if there is sufficient but not too
much sharing of inhabitants and leaders of the activity in that setting;

if behaviors in the setting are closer to each other in time and space

than to behaviors outside the setting; and if there is sharing of




behavior objects and modes of behavior in subparts of the behavior

setting but 1ittle such sharing between this setting and adjacent ones.
Barker and h1s colleagues operationalize these criteria in complex ways,
and undertake the monumental feat of describing all of the behav1or
settings of a year's behavior in a small town in Kansas (Barker and
Wright, 19545. The goai of this effort is not to produce an ecological
description of a fown, but to eétab]ish a basis that accounts for the
behavior of its inhabitants. They argue that for each settiné there is a
standing pattern of behavior (it can be thought of as a set of norms
prescribing appropriate behavior; they often refer to "rules of the game"
Jiterally, in describing favorite behavior settings, such as‘baseba1]‘
games). Further,f;heﬁsetting and the patterned sequence of behavior
taking place in }he setting, are similar in structure, or “synomorphic."
Barker}s conceptualization of setting as a peopied, furnished,
space-time locus, is an interestingly compiex one, particularly in his
insistence tha£ varied relations among the multiple elements (people,
beHavior, furnishings, space and time) of setting contribute in different
degrees to the establishment of boundaries for different settings.
Although he maintains that settings are objective entiéies; independent
of observer and participant alike, it is a short step, for the -
theoretically insouciant, to the view that changing relations of space,

time, people, furnishings, etc., that create settings for activity are

the constructions of participants. (Indeed, this is not far from the

position taken by Cole and the Laboratory of Comparative Human Cognition,

1981). But care is required here, for if setting is not an objective

|
o
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phenemenon, how do we account for Barker's égtreme1y elaborate and often
cﬁnvincing enumeration of behavior settings, ?n\practice? We will return
to this question in a moment. ‘

On the othe; hand, there are difficulties with ?arker's objeciivist
approach., Especially, his emphas%s on the setting-driven nature of '
behavior mares the parallel analysis of the internal organization of
activity uninteresting, indeed, impossible--it.remains a passive response
to the setting. It also precludes ané]&sis of the relation betwéén
behavior and setting, beyond the simple principles just-mentioned,
because only one of the two poles of. this relation i§ available for
analysis in its own right. Nor does its unidirectional nature keep
Barker frbm recognizing the existénce of a more complicated state of

affairs than his model will encompass.’ Thus, he says in passing,

a great amount of behavior in Midwest is concerned with
creating new milieu arrangements to support new standing
patterns of behavior, or altering 01d milieu features to

conform to changes in old patterns of behavior. (1968, p. ).

But their model has no mechanism in it that would account for these
possibilities.

The simultaneous existence of a theory with which we disagree, and
impressive empirical data in its support that calls effectively into
question the constructivist alternative, poses a dilemma. We propose a

time honored solution: that both views are partially correct, though

51
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neither complete. Thus, certain aspects of behavior settings have .

durable and public properties, as Barker's data suggest. The

supermarket, a behavior setting in Barker's terms, is such a durable

A entity; a physically, economically, politically and socially organized

space-in-time. In this aspect it may be called an arena within which

~activity takes place. The supermarket as arena is the product of

patterns of capital formation and political economy. _It is not
negotiable directly by the individual. It is outside of, yet
encompasses, the individual, providing a higher-order institutional
framework within which setting is constituted.- At the same tiﬁe, the

supermarket is a repeatedly experienced, and hence codified, persbna]1y

" and interpersonally ordered and edited version of the arena, for

individual shoppers. In this aspect itimay be termed a setting for
activity. Some aisies 16 the supermarket do not exist for a given
shopper as part of his setting, while other aisles are md]tifeatured
areas to the shopper, who routinely seeks a particular familiar product.
The relationship between arena and setting is reflected in the
ordinary use of the term wcontext." What appear to be contradictory
features of meaning hay ve accounted for by recognizing that the term
applies to a re]étionship rather than to a single entity. For on the oné
hand; ‘context' ;onnotes an identifiable, duréb]e framework for activity,’
with prdpérties which -clearly trénsceﬁd'the experience\of individuals,
exist prior tb them, and are entirely beyond their control. Oﬁ the other

hand, it is clearly exper{enced d%f%erent1y by different individuais. 1In

the course of the analysis we shall try to distinguish between the

b= |
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imposed constraints of the supermarket as arena, and the constrﬁctab]e,
malleable nature of the setting in relation with the activity of
particular shoppers. Because a social order and the experience of it

\ -

mutually entail one another, there are, of course, limits on both the

obdurate and malleable aspects of e(siy.context,
. & //

N,
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- C) Activity : ‘ .

.

In developing a set of assumptions about activity, we begin with the

~active indiQidJa§?§n action and interaction with her context. But there
i. more“to it than the mode of relation by which the individual is
engaged with thé context of activity. Here we have drawn on the con;ept
of activity as it has been developed in Soviet psychology, particulariy ' .
in the work of Leontiev. Activity theory, in conggast with Barker'?: '
setting-dominated view of the interaction, is able to address the order
intrinsic to activity. Activity, "is not a reaction or aggregate of
reactions, but a system with its own structure, {ts own interna] N
transformations and its own development." (Wertsch, 1981, p. 255;
, quoting Leontie?)//’fgjhay be characterized, in ﬁeontiév's terms, at
three levels of ana]y_sis.2 The h%ghest Teve? is that of activity; e.g. \\ |

play, work, formal instruction, which occurs, according to activity .

theory, in relation to motive, or energizing force. As Wertsch explains,
"Leontiev often uses hunger as,an~examp1e of a motive. This provides the

energizing force behind an organism's activity, but at this level of

organism is directed." (Wertsch, 1979, n. 86). This level appears .

1
abstraction nothing is said about the goals or ends toward which the . l
\
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. of analysis proposed hera. Thus; the second level is that at which an
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abstract enough that it is difficult to tell if it would meet the

criteria proposed here,-in which the highest order unit of analysis is

person-doing-in-context. The distinction would.become a point of
disabreement to the extent that "work" or "p]ay" refer to cultural
categories of activity rather than specific activities in context. The

remaining levels in the theory of activity fit more easily with the units’

action is defined by 7ts goal, e.g. solving an arithmetic problem or
finding the shelf in the supermarket with olives on it. "An qcfion is a
segment of human functioning directed toward a conscious goal.”

(Wertsch, 1979, p. 86). The third level is that of operations, which
contrasts with that of action By not involving censcious goa]s; Insfead,
necertain conditions in the environment influence the way’ah action is
carried out without giving rise to consciously recggnized goals or
subgoals." (Wertsch, 1979, p. 87). Examples wou]d.:4c1qde shifting

gears iu the car (for an expert driver), or putting'a can of olives in

the grocery cart.

It is not our intention here to map a multi-level system of our own |
onto Leontiev's, and draw lessons from the similaritie$ and differences;
difficulties of translation and comparison suggest that the moral should

"
be a more general one: principally, a strong commitment to the wholistic

‘nature of activity in context. This may be made clearer by provi&?gb'one
example of interlevel relations. Leontiev places strong emphasis on the
derivation of meaning, by actors, from the multilevel activity context.

He locates it in relations, between the leveis of activity and action, on

‘
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the one hand, and action and operation, on the other. The distinction he
(makes, be?ween neense” and "meaning," paraliels those we have suggeséed
in‘distinguishing the concept of arena from that of setting. For
Leontiev, "sense" designates personal intent, as opposed to "meaning"
which is public, exp]icit, and 1itera1; nSense" derives vrom the
}elations of actions and goals to motivated (highes order)-activities of
* which they are a parficu1ar realization. Furthermore, “the,go$1 of one

and the same action can be consciously reatized in different'ways,

depending on the connections it has with\Eﬂ:Y:ftive of the activity."

¥

(Wertsch, 1981, pp; 264-265). This same re jonal emphasis operates
ndownward", in the system of activity as we]i, at the action/operation
interface.'Zincheqko's work (cited in Wertsch, 1981) provides an apf:
example. In his research, tasks were designed so that the “same"
arithmetic problems were to be treated as conscious actions in oné
experimental session, and as operations in the course of inventing math
prob]e&s, in another. The arithmeti; stayed the same, in forma]
mathematical terns, while its role in the subject’s activity changed.

This change had clear affects on the subjects' memory of the arithmetic,

»

according to Zinchenko:

Material that is the immediate goal of an action is
remembered concretely, accurately, morg effectively, more
durably. When related to the means of =«n action (to

operaticas) the same material is remembered in a generalized

way, schemética]]y, less effectively, and less durably.

(Wertsch, 1981, p. 272).




These results support our conviction that to comprehend the nature of.

arithmetic.activity as a whole, requires a contextualized understanding
of its role within that activity. Indeed, the work of Zinchenko and
Leontiev and their colleagues provides a strong argument for the
necessity of ana]yz1ng any segment of activity in relation- to the f]ow of
activity of which it is a(part.

One could construe the argument sO far as follows: take Barker's
theory of bghavior settings and tinker with it, then adapt Leontiev's

theory of activity, and finally, combine them. If this summed up our

‘intentions, the major difference between our analysis and theirs would be

only its scope But neither Soviet psychology ror Barker's functionalist
brand of setting- determ1n1sm (see the Introduction, th1s volume) make it
possible to address the nature of the articulation between activity and
setting. A few words on this subject must precede the ethnographic
analysis towards which we are moving.

We have distinguishee between a supermarket as an arena, a .
non-negotiable, concrete realization of a political economy in p%mce, and
the setting Jf grecery,shopping activity, which we’ take to be the
individual, routine version of that arena which is both generated out of
grocery shopp1ng activity and at the same time generates ihat activiey.
In short, activity is conce1ved of as dialectically constituted in
re1at1on w1th the setting. For examp]e, suppose a shopper pauses for
Fne first time in front of the geper1c products section of the market,

pot1ng both the peculiarly plain appearance of the products, dyyested of

brand and other’ 1nformatlon to which the shopper 1s accustomed, ahd the
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relatively low prices of these products. This information hay be added
to an existing repertoire of money-saving strategies. In fact it
provides a potential new category of money-saving st;ategies, if the
shopper ‘incorporates the Aew category. This in turn leads the shopper to
attend to the generi& products on subseduent shopping trjps.' The setting
for these future trips, within the supermarket as arena, js thereby
transformed. And the activity of grocery shopping is transformed by
change in the setting within the arena. A fuller account of
activity-setting relations in d1a]ect1ca1 terms may be found elsewhere
(e.g. the Introduction, this vo]ume). The point to be made here is that
neither setting nor activity exist in realized form, except in re]ation
with each other th1s principle is general, app1y1ng to all levels of
act1v1ty-sett1ng relations. The nature of dialectical relations will

become clearer in the course of more extensive ethnograhpic analysis.

D) The Supermarket and Grocery Shoppiﬁg: Arena, Settihg and Activity
The arena of grocery shopping is the supermarket, an institution at

the interface between consumers and suppliers of grocery commodities.

Many- of these commodities are characterized in consumer ideology as basic

necessities, and the supermarket as the only avenue routinely open for

acquiring them. Typical supermarkets keep a constant ‘stock of about
‘seven thousand items. The arena is arranged so that grocery items remain
stationary, assigned locations by supﬁ]iers and store management; while
shoppers‘move through the store, pushing a cart, searching for the fifty

or so items he or-she buys on a weekly basis. The arena may be conceived

(¢
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of as an icon of the ultimate grocery list: it is filled with partially

ordered sequences of independently obtainable objects, laid out so that a

physical progress1on through the entire store would bring the shopper

~
past all seven thousand items.

A shopper's progress through the arena, however, never takes thie
form. The supermarkét as n1ist" and the shopper's Tist are of such
different orders ef magnitude that the faseioning of a partieu1ar route
through the market is inevitable. Part of what makes personal navigation
of the arena feasible is the ordered. arrangement of items ~in the‘manket,
and the structured nature of ﬁ“rchase-intentions of the shopper. The
setting of grocenf shopping activity is one way of conceptualizing
relations between these two kinds of structure. It may be thought of as
the locus of articulation between the structured arena and the structured
activity; it is the relation between them, the ngynomorphy" of Barker's
theory.

For e;ample,{the arrangement of the arena shapes the setting, in that
the order in which items are put in the cart reflects their location in
the supermarke:jrather'than theie location in eny of the activities from
which shoppers routinely generate their Jists. On the.other hand, the
setting is also shaped by the activity of the shopper: without babies
and dogs, he'may routinely bypass the aisles where diapers and dogfood
are 1oca£ed; expectations that the chore ought not take more than an hour
shape the amount of time the shopper aliocates to each item, and hence
the degree of effort and structure to her search. This in turn has

art1cu1atory implications for the arena: it is created in response to

<
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the character of individual search structures, for éxamp]e, in packaging

design and display of products.

The charécter of the rgsu]ting synomorphy is part of what is meant by
nsetting." It is particularly important to stress the articulatory
nature of setting, not because setting is unique in this respect, but
because it would be éasy to misunderstand th% concept as simply a mental
map, in the mind of the shopper. Instead, it has simultaneously an
independent, physical character, and embodies a potentjal. for rea}izatidn
only in relation to shoppers' activity. A1l of this together constitutes
its quintessentiaﬂ character. The mutual relations between&setting and
act}vity, such that each creates the other, both coming into Being at the
same time, is not so difficult to observe, though difficult to conve& in
the medium of print. But a transcribed incident way help to illustrate
the phenomeqpn}3 -

A shopper and the anthropologist walk toward the frozen enchilada
case. Until the shopper a}rives in front of the enchilada display it is
as-if she were not just at a physical, but a cognitive distance from the M
enchiiadas. In contrast, she and the enchiiadas, in each other's (
presence, bring into being an enﬁire]y different quality éo the activity.

Spopper: o\s » Now tﬁese.enchi1adés, they're around 55 cents. They

Qere‘the last time I bought them, but now ‘every time 1 come

N

. « . a higher price.

Observer: Is there & particular kind of enchilada you like?




Shopper: [speak1ng hesitantly, eyes searching the shelves to find

the enchiladas]: Well they come in a, I don t know, I
don't remember who puts them out. they move things around
too. I don't know.

Observer: What is the kind you're 1obking:for?

Shcpper: Well;™T don't know what brand it'is. they're just

< enchiladas. They're put out by, I don't‘know. ~

She dis overs the display of frogenQMexgcan dinners, at this moment.

Here they are! [spoken vigorously and firmly]: They were

65 the last time I bought them. Now they're 69. Isn't

1 that awful?
This difference--between gctivity in setting, on the one hand, and
activity and set;ing cadght in transit, not in any particular synchrony
(or synmorphy), on the other hand--is ubiquitous in our data. It
confirms the integraf and‘specific character of particular activities in
particular settings. ‘ .

Grocery shopp1ng activity is made up of relatively discrete segments,
such as this ench11ada purchase. The shopper stops in front of one
display after anogher and goes .through a process of deciding which item
to transfer from shelf to cart. In most cases it is possibie to face the
display and locate. and take it from the shelf w1thout mov1ng more than a '
foot or two out of the or1glna1 p]ace.3 Within an item d1sp1ay area, size -
and brand are taken into account, in #%at order, in making decisions,

wh;]e price and quant1ty are considered at the end of decision

processes.4 Bﬁt the complexity of the search process varies a great




deal across items. Many selections are made without apparent
conéideration, as part of the routine of replenishing supplies. More
often than not, however, shoppers will produce an account for why they
routinely purchase a pgrticu[ar jtem rather than an available
alternative. We call this using "old results." It suggests that part of
the move from novice to expert grocery shopper involyes complex decision
processes, a few at a time, across many trips through the market. ‘

Much of the decision making which takes place as shoppers p]éce
themselves in physical relation with one display“after another, is of a
qualitative nature--particular foodstuffs for particular meals, brands
which have part1cu1ar characteristics, e.g., spicy or mitd, and so on.
‘ShOppers care about the taste, nutritional value, dietary 1mp11cat1ons
and aesthetics of_particu]ar groceries. In relation to this qualitative
decision making, commodity suppliers and store management respond with
large amounts of persuasive information about products, much of it i
adhering to the item itself. Shoppers face overwhelming amounts of
information, only a small part of which they treat as relevant. Even
this information is brought into play oniy wﬁgn a shopper establishes a
new choice or-updates an 0old result. 1In genefa], through time, the
experienced shopp;? transforms an information-rich arena into an.
information-specific setting. It appears that cognitive transformations
of past experi;;cé, and presence in the appropriate setting, form an
integrated whole whichﬂbecomes the basis of what appear to be habitual,

mechanical-looking procedures for collecting items purchased regularly.

-
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The integration of,activity—in-setting is not limited to repeated.
purchases. Nor js setting merely a stage within which action cccurs.
Both of thesé points may be il]ustratéd by calling attention to the fact
that the settiné jmposes shape on potential solution procedures, in cases
of new search or probiem so]viﬁg. Indeed, the setting often serves as a
calculating device. One shopper, for example, found an unu%ua]]y'high
priced package of cheese in a bin. He suspected that there had been an
error. To solve the problem he searched throug. the bin for a package
weighing the same amcunt, aqd inferred from the discrepancy between
prices, that one was in error. ﬁis initial ‘comparison to other packages
had already established which was thé errant package. Had he not
transferred the calculation to the environment, he would have had to-
divide weight into pfice,‘menta1]y, ¢nd compare the result with the price
per pound printed on the label, a mucn more effor@fu]_and less reliable
procedure. Calculation of weight/price relations devolved on the
structured relations between packages of cheese (their weight v§ried, but
within a rather small range; weight, price per pound, and price were
printed on each package but not the steps in the calculation of price pe<.
pound) and the activity of the shopper (who searched aﬁbng them for an
instructive comparison). In anothgr case a shopper exploited the fact
that chicken thighs come in packages of six. She compared package prices
and chose a cheap one to insure small size, a moderate priced package

when she wanted larger serving portions. In this case, also,

weight/price relations were enacted in the setting.
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Shoppers degcribe themselves as engaged in a routine chore, making
habitual purchases. But the description must be add}essed as data, not
analysis. Rather than treating "habit" and "routi;e“ as empirical
descriptions of repeated episodes of the same activity in the same’
setting, we prefer to treat them as statements of an ideological order.
For the arena and the general intentions of the shopper--"doing weekly
chores," or "grocery shopping, again"--come into juxtaposition repeatedly
in such a way as to make it both customary and useful for the.shOpper to
claim that it is “the same" fromwone occasion to the next.

The simi]arity is not a matter of mechanical reproduction, however.
The truth of this is first and foremost one of definition--it is-part of
the set of assumptions with which we began. But there is more to be
said, for it is a complex problem at several levels. For one thing,
shoppers shop in routinely generative ways, for grocery lists almost

always include categories such as wtreats" for children. Second, the

“setting generates activity as well: consider the experience of walking

past a'disp1ay and having a delayed reaction which leads to a backtrack
and consideration of a needed but forgotten item. And third, relations
between activity and setting are so hiqh]y structured in so many ways
that salient aspects of the process such as the sequence of choices
(alternatively, the path through the arena) are not all that heavily
constrained: what one learns from past experience is not a fixed path
tirough the setting buﬁ the numerous short run structuring devices which

can be played end to end, to produce one path this time, a different but

structurally related path another.

ry .
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For instance, shoppers do not generally order *heir physisal activity

to conform to the order of their private grocery Jists. This would

involve much greater physical effort than ordering activity to conform to

the_market layout. This is explicitly confirmed by shoppers:

Well, let's see if I've got\§nything over in this . « «¢ 1

- usually [look] ard see if 1've got anything in these, yeah,

1 need some potatoes . . . I usually shop . . . in the

department that I happen to be in. 1 check my list to see

if 1 have anything on the list, to save me from running all

over the store.5

Saving physical effort is a useful rationale for using setting to

organize the sequence of shopping activity. But there is a more

general--and generative-—princip]e at work. Personal grocery Tists

contain items whose interrelations are often not relevant to the
organization-of the arena. When ordered in anticipation of their
location in the market, they tend to appear as discrete items. Within
grocery shopping, as we have already remarked, segments of activity are
relatively independent and hence one segment rarely is a sequentially
ordered condition for another one. Almost by default, it is the
structure in the setting that shoppers utilize to order their activity.
It gives the appearance of a choice between mental and phyéica] effort,

when it is in fact a choice between a more, and a less, compellingly

structured component of the whole activity-in-setting, any structure

ctiv%ty. If, or rather, when,

being available for use in sequencing the a
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the structure of shoppers' lists involves jtem-interdependence {(e.g. buy
eggs only if the ham looks good), then the source of sequencing might
just as well be the Tist instead of the market layout, or some mix of the

two.

In sum,(we have tried to suggest the complex, generative nature of an

activity-in-setting labelled by its practitioners as a routine chore; and

on the other hand to suggest that descriptions such as *habitual" and
wpoutine" are ideological in nature, and lead shoppers to interprét their
an activity as repetitive and highly similar across episodes, rather
than to treat as normative its non-mechanical, generative varigbi]ity (gs
we normatively characterize neducation" and “research"). This set of
considerations must surely affect the manner in which shoppers come to
see certain parts of activity-in-setting as smooth repetitions and others

as problematic.

E) Problem Solving in Grocery Shopping Actiiity

Problem solving in grocery shopping také . its character from t?e
routine nature of the activity-in-setting, frga the overdetermined nature
of choice and from the dialectical relations between activity and
setting. We shall consider each in turn.

Grocery shopping shares with some, but not all, other activities-in-
setting 1ts routine character. Frequent, regular visits to a public
arena with the intention of carrying out a repeated activity, leads to
actors' interpretation of activity in that setting as "routine."

Furthermore, the ideology makes repetitive activity and repeated use of




4

This gives ¢character to the partﬁcu]ar

.
<

the same arena look sensible.
dialectical re1ation between chores such as grocery shopp1ng and settings

~
such as those in supermarkets. This re1at1on is one in “Which repeated

interactions have produced smooth "fit" between act1v1ty and séﬁt1ng,

treamlining of each in relation to the other. (Turning. an-

2

Jinformation-rich arena into an information-specific setting is an example

of what isﬂihtended here.) -

The routine cha;act r of chores such as grocery shopping is generated
in a larger context, whfch)contributes to.its stability. For grocery
shopping is part of a set of interre1ated activities invp]ved in the
management of fcod for the domestic context; There is a relatively
constant relationship betweer the scope of the activity "weekly grocery
shopping," and that of activities in other settihgs such as meal planning
and cooking, including a cons1stent division of food processing effort
among them. The sameness of grocery shopping over repeated ep1sodes

““he&lps—to maintain the routineness of these re1ated activities as weTf
Thus, there is a conhect1on\between hab1tua1 grocery purchases and
regularly prepared, “standard" fama]y meals. In each example here the
shopper is looking for an ingredient for such a standard meal.

Observer: So now you're looking at the cheese?

Shopper: Yes. I make that goulash stuff I was te111ng you about.

And I use ‘mozzarella.

-

Another shopper remarks:

.

oh, and 1'11 have to get corn bread now, because 1 forgot

to put that on my Tist. We Jike corn.bread with chicken.

T ‘ : 91—
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And another:

We're out of hot sauce, sO I have to buy hot sauce for the

burritos.

An ideology of routineness embodies expectations about how activity
will proceed; that a "routine; episode will unfold unproblematically,
effortlessiy--rather as if the whole enterprise ideally had the status of
an operation, in activity-theory terms. It is in relation to this
expectation that a snag or an ipterruption is a problem. It follows that
where both expectations and practice lead to relatively unproblematic
activity, snags and interruptions will be recognized, or jnvented or
viewed, as properiy limited in scope--as small scale relative to the
activity as a whole. And like drocery shopping activity-in-setting, the
segments of which it is composed, including problem solving segments, -are
generated; rather than mechanically reproduced, Sver a series 0?
occasions.

A second determinant of the character of problem solving in grocery
shopping is the nature of thekchoices to be made by the §hopper. The
supermarket is thought of by consumers as a locus of abundant choices,’,
for which the stock of thousands ¢’ items constitutes apparent evidence.
But in contradiction to this view, there stands a different order cf
circumstance: the shopper canrot provide food for the family if he
leaves the subermarket, trip after trip, empty-handed, due to repeated
attacks of indecision. That is, the shopper, faced with abundant

alternatives, nonetheless cannot avoid making choices. Conversely,

because the making of choices cannot be avoided, it is possible for




decision criteria to proliferate in the shopping setting; any small set

is sufficient ag a basis for choosing one item rather than another. This
contributes to the shopper's experience of abundant choices, and helps to
maintain the contradiction.

The contradictory quality of routine grocery choice is a crucial
point in understanding what has been described as,the rationalizing
character of everyday thought, of which arithmetic calculation in the
supermarket provides a typical case. The term "rationa]izationJ is used
in common parlance to refer to after-the-fact justification of an-action
or opinion. It has been proposed!as a hallmark of everyday
decision-making (e.g., Bartleti, 1958). The term contrasts sharply with
folk characterizations of rational decision making, in which evidence
should provide logical motivation fcr a conclusion. Without the
contradiction, we snall argue, the production of a rational account of
chojces would not be construed by the observer as "rationalization."
Acfiyityuin—setting is complex enough that-a descr‘ptioq of the activty
as “marsha{1ing the evidence after the fact" does not t§ke into account
c?ntﬁadicto;}, multiple relations between evidence and conclusions. For
in decision processes such as those in grocery shopping, it is impossible
to specify whether a rational account of choice is constructed before or
afiér the fact. It occurs both before and after different orders of
fact; before a unique item is chosen but after the determination that a
choice.must be made. The "rationalizing" relation of evidence to
c;nc1usﬁon is not, then, a matter of "everyday thinking" or "unscientific

/ }
use of evidence,” but an unavoidable characteristic of the activity of
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grocery shopping. The relations between evidence and conclusion are an
inevitable outeome of the organization of the activity-in-setting, rather
than the mode of operution of the everyday mind.

Arithmetic problem solving plays various roles in grocery shopping,
not all of wh1ch will be discussed in this chapter. We wil] concentrate
on pr1c;-compar1son arithmetic, because it constitutes the preponderance
of cases in our data, and because this kind of calculation serves in the
urationalizing® capacity just described. It occurs at the end of
decision mak1ng processes which smoochly reduce numerous poss1b111t1es on
the shelf to single items in the cart, mainly on the basis of their
qualitative characteristics. A snag occurs when elimination of
alternatives comes to a ha]t before a choice has been made. Arithmetic
problem solving js both an expression of, and a medium for dealing with,
stalled deC1s1on processes. It is, among other things, a move outside
the qua11tat1ve characteristics of a product, to its characterization in
terms of a standard of value, money. : .

That arithmetic is a preva1ent medium of probliem so1ving among
shoppers, and elsewhere, js itself an interesting‘prob]em.’ Certainly it
justifies choice in terms that are symbo1ica11y’powerfu1 in this society,
being both mathematical, i.e. "objective," and monetary. In the
supermarket, calculation may be tne most immediate means of rational
account construct1on in response to interruption because of its condensed
symbolic connections to bdth mathematics and money, that is, 1ts N

position in folk theory about the meaning of rationality. Indeed, a good

case can be made that shogpers' 1deo1og1ca1 cemmitment to rational
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decision making is evidenced by their justificatory calculations and
explanations, for the alternative is to declare selection, at that point,
a nonchoice. Only rareiy in the transcripts do shoppers recognize the
unavoidable, and hence in some sense arbitrary, nature of cﬁoice, One
shopper, referring to a' TV commercial in which an animated package of
margarine gets in an argument at the dinner table, selects this brand and
comments ironically:

Shopper: 1'11 get the one that talks back.\

Observer: Why?

Shopper: Others would have been more trouble.

Support for our interpretation of price arithmetic as rational
accountihg'(in both sense of that term) comes from Murtaugh's (1983)
research on the decision processes used by shoppers in choosing grocery
items. He shows that if arithmetic is utilized, it is emplcyed rear the
end of the process, whén the number of choices still under consideration
is not greater than three and rarely greater than two. Thirteen shoppers
purchased 450 grocery items. Of these items, 135 involved prog1em
solving of some variety and 79 of these latter items utilized
arithmetic. There were 162 episodes of calculating, approximately two
calculations per item on which calculation occurred. Of these
calculations, 122 (73%) involved price-comparison arithmetic; 104
compared prices for equal quantities of some grocery item and the
remaining 18 both price and quantity comparisons. It would be difficult
to picture arithmetic procedures, in the Tight of these data, as major

motivations 'driving' shopping activity. Justifying choices, just before

1y
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and after the %act, is a more appropriate description of its common

role. Demographic data pravide indirect sdpport for the argument that
most grocery §rithmetic s~cves as a medium for buildiny a rational
account for ove}determined cho%ces. The incomes of the shoppers varied
enormously, but this variation does not account for differences in
calculating frequency by the shopperé (Spearman r = ~.0879, n.s.).
Decisions that affect a family food budget tend to be made-elsewhere than
in the supermarket. These decisions include which supermarket to
frequent, and how much to spend on particular meals, how often.

So far, we have argued that a "problem" in routine activity-in-
setting is an interruption or snag in that routine, and that arithmetic
is often used in a rational accounting capacity to overcome snags. A
third critical feature of problem solving follows from the charcter of
activity-setting relations as a whole. We have taken the dialetical
re]afion between activity and setting as an assumption; (arithmetic)
probﬁem solving is part of activity-in-setting and thus must conform to
the same dialectical principle, by which it is brOpght into being,
reproduced, and transformed. If activity-in-setting as a whole is

crucial in shaping pfob1em solving segments of activity;in-setting, the

character of problem solving activity should vary from setting to

setting. Barker and his colleagues supply much supporting data for
consistent variation in behavior across settings (e.g. 1954, 1963). Our

own comparative data support the view that activity varies strongly in

relation with setting.
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Thus,Awe contrived a second activity-in-setting in whiqh the shoppers
took an extensive paper-and-pencil arithme;ic test, covering «integer,
deciinal, and fraction a}ithmetic, using addition, subtraction, \\\
muitiplication and division operations (baséd on a test from the Torque
Project, MIT). The sample of shoppers was constructed so as to vary in
amount of schooling and in time since schooiing was completed. \\\\\
Problem-solving success averaged 59% on the arithmetic test, compared \\\
with a startling éB%—-virtua]]y error free--arithmetic in the
supermarket.6 Subtest scores on thé.arithmetic test are highly
correlated with each other, but not with frequency of arithmetﬁc problem
solving in the supermarket. (We turned to this dependent variabie after
finding no variancé in the problem solving success variable.) Number of
years of schooling is highly correlated with performance on the
arithmetic test but not with frequency of calculation in the supermarket
[add more corr lation coefficients?] Years since schooling was
completed, likewise, is significantly correlated with arithmetic test

performance (Spearman r = -.58, p <.001) but not with grocery ;hopping

arithmetic (Spearman r = .12, n.s.). In short, to the extent that
correlational evidence provides clues, it appears that arithmetic problem
solving by given individuals in test and grocery shopping situations is
quite different; at least it bears differgnt relations with shoppers'
demographic characteristics. An analysis of the specific procedures
utilized in "doing arithmetic" in the supermarket lends substance to this

conclusion. Moreover, such an analysis, to which we now turn,

i1lustrates the dialectical form of arithmetic problem solving.

ERIC 1z




F) Dialectically Constituted Problem Solving Proces<™.
A successful account of probiem solving procedures in the supermarket

will explain two puzzies uncovered in preliminary analysis of the grocery

shopping data. The first is the virtually error-free arithmetic

performance by shoppers who made frequent errors in pa}aT1e1 brob]ens in

the formal testing situation. The other is the frequent occurrence of

more than one attempt to calculate in the course of buying a single

jtem. Further, while the error-free character of ultimate

problem-solutions is a remarkably clear finding, such is not the case for

earlier calculations in a sequence, where more than one occurs. It would

be useful to account for this as well.

First, it is useful to make explicit what is dialectical about the

process of probiem solving. The routine nature of grocery shopping

actiQity and the location of price arithmetic at the end of decision

making processes, suggest that the shopper must already assign rich

content and shape to a probiem solution at the time arithmetic becomes an

obvious next step. Problem solving, under these circumstances, is an

jterative process. On the one hand, it involves what the shopper knows

and the setting holds that might help, and on the other hand, what the

solution looks like. The latter deserves clarification: we take as

axiomatic that the activity of finding something problematic subsumes a

good deal of knowledge about what would constitute a solution. 1In the

course of grocery shopping many of a prob]em—so]ution's parameters are

marshalled into place as part of the process of deciding, up to & point,

(Consider the shopper who knew which cheese package

what to purchase.




1ished whether there was

was inconsistent with others before he estab

really an inconsistency or not.) The dialectical proces§ is one of gap
c]osingZ between strongly specified solution characteristics and
information and procedural possibilities for solving the problem.

Thus a change in either solution shape or resources of information

Jeads to a reconstitution of the other: the solution shape'is generated

out of the decision process up to an interruption or snag. But the act

characteristics. These in turn suggest, more powerfu11y than before,

information and procedural

|
|
\
|
i
|
\
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of identifying a "problem" changes the salience of setting A
procedures for generating a specific solution;

knowledge accessed by eye, hand, and/or mental transformations thereof,

make possible a move towards the solution, or suggest a change in the

solution shape that will draw it closer to the information at hand.

The example that follows, drawn from a transcribed segment of a

grocery shopping expedition, is fuller than those given previously. Let

us make clear immediately what is general about it, and what are its

limitations as a generalizable sequence of data. First, it successfully
i1lustrates the dialectical nature of gap-closing arithmetic problem

solving processes, and, more specifically, makes it possible to typify

some of the parts of such processes. But the example is not

generalizable with respect to all aspects of the argument developed in

this chapter. In particular, a word of caution is appropriate about its
relevance to the interpretation of price arithmetic as rational
account-production activity. Interaction between the shopper and the

observer in the transcribed example gives a special character to the

1“-1'
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activity segment,8 perhaps not a difference of kind so much as one of
degree (though our argument does not rest on this distinction). The
shopper may well think of the observer as the embodiment and arbiter of‘
normative shopping practices; and from his point of view, his role is to
investigate empirically the appropriateness of normaéive moﬁe]s of
rational problem solving (about which he is sceptical). We argue that>
the combined effect of the assumptions each has about the observer's role
is to intensjfy the focus on rational accounting, in terms common to foik
ideology and much of consumer economics; this, at the expense of the
qualitative character of decision making which, in fact, leads to most
purchase selections in the supermarket--even in our data (i.e. only
seventy-nine items out of four hundred and fifty involved arithmetic).

At the same time:/our argument about the account-production role of
price arithmetic does not rest on the detailed description of such
activity in this, or other, transcripts. Instead, we have aréued that
rational account-production derives from the Jocation of arithmetic
activity, almost always at the end of processes of decision making, under
the conditions of constrained choice found in supermarkets. It is on
this analysis, supported by numerical data on the location of arithmetic
in decision processes, rather than on the transcript analysis, that the
argument about rational accounting stands or falls. But, further, the
following example in no way undermines that argument; rather, it provides
(only) a specialized illustration of it.

In the shopping transcript, a forty-three year old woman with four

children discusses the price of noodles. She takes a few steps towards

the noodie display:
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Shopper: Let me show you something, if I can find it. I mean talk
about price [1].9 Last week they had that on sale I
think for 59 cents.

Observer: Spaghetti?

Shopper: [with the vagueness associated with imminent arrival-- see
the enchilada example, p. 15] Yeah, or 40--1 baﬁ't remember
. « « That's not the one. "

She then puts an old resulf into practice, taking a package of elbow
noodles from the shelf and putting it in her cart. It is a 32 ounce
package of Perfection brand nood]es, costing $1.12. This decision
prefigures and shapes the course of the conversation, and calculations,
which follow. The latter are best buy problems, comparing price per unit

of weight for pairs of packages. The other three packages weigh 24

a linear function of size. That is, in order by weight:
American Beauty noodies, 24 oz. for $1.02 68¢/1b -
Perfection noodles, 32 oz. for $1.12 56£/1b
American Beauty noodles, 48 oz. for $1.79 59 1/2¢/1b
American Beauty noodles, 64 oz. for $1.98 49 1/4¢/1b
The 64 ounce packaée is, of course, the best buy.
Observer: [acknowledging her choice] [1] Perfection. {The brand
name. ]

Shopper: Yeah. This is what I usually buy. Its 1ess expensive

than--is that American Beauty [2]?

\
ounces, 48 ounces and 64 ounces. ‘The difference in price per dnit is not
|

Observer: Yeah.
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That, .hat I need right now is the elbow macaron i

[noodles]. And I always buy it in two pound (3] .«. .

[packages]. I'm out of this.
g9

The first underlined segment is the choice which establishes the point of

reference for comparative calculations. The second, establishes an

initial solution shape, and the third provides evidence both that the

choice is an old result and that numerical simplification work has

occurred, since the weight on the package is expressed as "32 ounces"

rather than as "2 pounds." She expands on the qualitative choice

criteria which have shaped her purchase in the past:

Observe

Shopper:

Observer:

Shopper:

r+ This seems like a big package of elbow noodles and you add

these to the macaroni?
I add some, I just‘take a handful and add it to the rest,

to the other packaged macaroni. '‘cause 1 add macaroni_to

it. Plus I use that for my goulash [1].

For the goulash. 0.K. And you . . . 1ike these particular

kind? Are there other a]ternatiﬁes here?

Yeah. There's large elbow. This is really the too-large

economy bag [1]. 1 don't know if 1, probably take me about

six months to use this one. And I just, I don't have the

storage room for that kind of stuff [1]. I guess if I

rearranged my cupboards maybe 1 could, but jt's a hassle

(1] ... . I don't know, I just never bought that huge

size like that [1]. 1 never checked the price though on

it. But being American Beauly it probably costs more even

in that large size [2].

1y

I R
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Her comments reinforce the expected direction of American Beauty/
-

Perfection noodle price ebmparisons {2]. (While this judgment is correct
\ + B
for 24 and 48 ounce packages, it is incorrect for the 64 ounce size. But

the matter does not rest here.)

More import:nt, the nature of the decision-making probiem is here
shown in integral relation with the particulars of interaction between
the shopper and the opserver. For qualitative reasons (use in sFandard
meals, storage capacity, etc. {1)) she has previously avoided purchase of
the 1arge size. But she is caught in a public situation ip a discussion
for which we shall see evidence that she would like to display her
shrewdness as a shopper. And best buy purchases are the best ev1dence of -
rational frugality in this setting (even though qualitative criteria take
precedence for her, as for most shoppers, most of the time).

The next interchange ztarts a process of simplification of the

arithmetic comparison. She transforms 1arge numbers of ounces into a

v

small number of pounds.

Observer: That's what, that's 6 . . . [64 ounces?]

Shopper: It's 4 pounds and what did I buy, 2? Oh, there is a big
savings [1]. Hmmm. ] might think about that next time

(1], figure out where I can keep it. I actually try to

look for better prices [2]. 1 used, I guess I used to and

I was such in the habit of it that some of the products I'm

buying now are laftovers from when | was cutting costs

[3]. And I vsrally look. If they have something on sale,
you know, a larger pa.kage of macaroni or spaghetti or

something, I'11 buy it.

13
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demonstrating uti]itarian ratﬁona]ity requires illustration, this segment

provides it. The shopper’s c1err1y stated earlier decision to reJect the '

large §ize package on the bas1s of k1tchen storage capac1ty is not

H

su(f1c1ent to ovexr1de the oppos1te cho1ce on monetary cr1ter1a, when
challenged [1]. She p]aces a’general va]ue on price as ‘a criterion for‘ -
choice [2] and correspbnd1ng1y emphasizes that current financial state .
does not require such‘choices‘[3]. Ihis~has the effect of emphasizing . ;
e the  absolute nature of the value. It produces a half commitnent to
future action [1] which does not seem 1ihe1y to occur once the pressure’
of obsevver demand on the production of rational “accounting" is', '
’ removed. We th1nk there 1s also a strategy of "if T can't be r1ght at

v1east I can demonstrate my ob3ect1v1ty," both by admitting she is wrong

and by accepting quantitative (symbolically objective) criteria as

overridingly legitimate.

Meanwhile she has made a calculation, at the beginning of the
segment, correctly, that four pounds of American Beauty nood]es would be
cheaper than two pounds aof Perfection noodles. it is not possible to
infer what calculatiion took place, only that she arrived at a correct
‘solution.

The next eXamp1e foliows almost immediately in the transcript. She
sees what appears to be a comparison of packages which offer a |

counter examp1e to the previous conclusion, that the large size is a best

[ 4
e

buy. If correct, it wouid soften the 1mpress1on “that she had violated a

If the preemptive character of financial evidence as a'means of 5
general principle ("bigger is cheaper") in her shopping strategy.
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Shopper: But this.one, you don't save a thing [1]. Here's 3 pounds

for a dollar 79, and there's 1 pound for 59.

She is comparing two packages of American Beauty spaghetti noodles.
But what she believes to Le a one pound bag weighs only twelve ounces.
She very ouickly notices the weight printed on the package and corrects
herself ingthe following manner:

Shopper: No, I'm sorry, that's 12 ounces (2]. No, it's'a savings.

This pair of statements ([1] and [2]) involve two calculations. In some
’ ‘ form (there are alternative aaéquate representat1ons among which.we

cannot distinguish) the f1rst was probably 9 X 60 = 50 ard 3 X 60 = 180,‘

and therefore there is no difference between them in pr1ce per pound. If .
the weight of the smaller bag is less than one pound, then the eqdations
. are no 1onger equ1va1ent and the three pound bag is the better buy

O Only a "less than" relation wou]d be required to arrive at this
‘conclusion. \
The pattern of probiem so1v1ng procedures used by J. is something

like this: She starts with a probable solution, but inspection of

evidence and comparison with the expected conclusion cause her to reject

it. ("No,'I'm sorry" is her acknowledgement that the jnitial prob]ém

solution is in error.) Pulled up short by the weight information from

the package, she reca]cu]ateé and obtains a new conclusion. This pattern

is an example of gap-closing, dialectical movement between tﬁe expected ' .

shape of the solution and the information and calculation devices at

hand, all in pursuit of a solution that will be germane to the activity

which gave it shape'in the first place.
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The penuitimate paragraph closed with a comment that “"only" a '
1ess than relation was required to comp]ete the second round of i
La]CU]ot10n. However, the “only" is decept1ve, as is the .conciseness of
her statements, if they convey the impression that the ar1thmet1c is -
simple in the terms 12 which it would be represented 1n paper- and penc1.
conventions: 1.79/3 = .59, It requires an active process of”
simplification to transform it into the form suggested above.

Once J. has concluded .that the Targe bag of nood]es is a better buy

e

than the small one, she comments:

Shopper: They had some on sale there one day and the large package .

was like 69 for 2 pounds and it was 59 for 1 pound. And it

was just such a‘difference, I,)you know, it was aimost an

insult to the shopper tu have the two on the same shelf -

side by side. ‘
Sheiconc1udes with another two-round ca]cu1étion in gap-closing form.
This episode is initiated by the observer who addresses the monetary but
not the size difference, and emphesizes its magnitude. The observer may

be trying to acknowledge her amended views, for he repeats her previous
conclusion: ‘
Obseruer: Well, you seem to think this was a real big difference,
then, this 4 pounds of -- o .
Shopper: Yeah, that is. That's 2 ng]ars for 4 pounds (1] [the
American Beauty -elbow nood]es], this is a dollar [2]
a

'[referring to the Perfection elbow noddles in her cart],

that's 50 cents a pound [3] and I just bought 2 pounds for

>

&
Y
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. . ,
- pound [3]. This move serves two purposes: as a means to recheck

a dollar twelve [4], which is sixty. So there is 2
' " difference.
She begins by simplifying $1.98 to two [1] dollars and $1.12 to one
dollar [2]. Butgthe calculation leads to the conciusion that both are 50
cents per pound{ This conclusion, however, does not fit the established
solutinn shape, "a big difference" between the smaller and.1arger bags of
noodles. The current problem as simplified, praduces an interinediate

solution, that.4 pounds of noodles for two dollars is fifty cents per

information simplified from that printed on the package; and as the first

" item in the next round of calculation. The second round is a similar .-
price cogéarison, but with a "more than" relation: $§1.12 is more thah

one doliar [4]. It would be consistent with a desire to appear objective

aﬁd to meet the norms of the observer, that she would round up from
56¢/pound to.60¢. She thereby reiterates the earlier conclusion about
the direction of difference in price.

.One characteristic of the preceding account has been the need to

assign muitipie functions to individual moves in gap-closing arithmetic

. procedures. Dialectically ordered problem solving processes do pose

problems when we iry to describe them. Perhaps we must.give up the goal
of assigning arithmetic problems to unique Tocations--in the head or on

the shelf--6r labelling one element in a problem solving process as a
ncalculation procedure," another as a "checking procedure." It may be

difficult, even, to distinguish the problem from its solution.
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Another example may help to clarify these speculations. In her

research on the acquisition of arithmetic skills by new members of Weight
Watchers, de 1a Rocha (in preparation) posed a problem of food portion
control: "Suppose your reﬁaining allotment of cottage cheese for the
week is three quarters of the two-thirds cup the program allows?" The
problem so]ver in this example began the task muttering that he'd had
calculus in college, and then, after a long pause, suddenly announced
he'd “got it!" From then on he appeared certain Ee was correct, even
before carrying out the procedure. He filled a measuring cup two-thirds
full of cottage cheese, dumped it out on a cuiting board, patted-it into
a circle and marked a cross on it, scooped away one qgadrant and ate the

rest. Thus, "take three-quarters of two-thirds of a cup of cottage

cheese" is not just the problem statement, but also the solution to the

p}ob1em and the procedure for solving it. Since the environment was used
qs‘a calculating dev;ce, the solution is simply the problem-statement,
enacted. At no time did the Weight Watcher check his procedure against a
paper and pencil a]gor1thm wh1ch would have produced 3/4 cup x 2/2 cup =
1/2 cup. Instead, the co1nC1dence of prob]em, procedure, ‘and enactment
js the means by which shecking take§'p1ace. One implication’of this is
that there is a strong monitoring potential in gap-closing procedures.

It simply falls out of the nature of the activity when various aspects of

problem so1v1ng are, juxtaposed. v

We have suggested that the calculations made by J. were poss1b1e

because of her active constru#t1on of simplified vers1ons of them. In

‘order to do the complex work of simplifying problems, she needed a c]ear
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grasp of "what she was doing." "Knowing what one is doing" means having
generated a process (e.g. decision making in the supermarket) oneself, in
context. Faced with a snag, then, one his already produced a partial
form of the solution. .

Checking procedures, in this analysis of gap-closing arithmetic,
consist of an ongoing process of comparing the current state of knowledge
of the problem and the current definition of the solution. The intention
is to check the plausibility of both procedure and solution in ée]ation
to previously recognized constraints on answer-characteristics rather
than comparison of two linear problem solving procedures without
reference to such constraints (the convention in pencil and paper
arithmetic checking procedures).

In supermarket arithmetic, an alternative to arithmetic problem
solving is abandonment of the arithmetic and resolution of snags through
exercise of other options. A last example shows abandonment of a
calculation when it becomes too complicated for solution, within gro&ery
shopping activity in the supermarket setting. Abandonment, like a high
level of success at ca1gu1ation, supports our view that the juxtaposition
of various éspects of pf0b3em,$01ving makes monitoring of the process
exceptiona]]y,productive. In the example, a forty-five year old mother
of five children and her fifteen year-old daughter are shopping, together

" with the observer. The mother is interested in ketchup, but turns to the

barbecue sauce, next to the ketchup, when her daughter calls attention to

it.

Daughter: Do you want some Chris and Pits barbecue sauce? We're

almost out.




Shopper:

Observer:

Shopper:

Daughter:

Shopper:

Daughter:
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[to the observer]. Heinz has a special [on ketchup]. I
have a coupon in here for that. And 1 was going to make
spareribs one pight this week, which I didn't mention to
you, but that was in m§ mind now that she mentions the
sauce. [shopper examines her coupons.] I want to see if
their price on their barbecue sauce is goiné to be as--we
usually buy Chris and Pits . . . Now see this is the one
that I was telling you about. [She has noticed a Heinz
ketchup coupon.] . . . But they don't have the 44 ounce
ketchup here. [B. continues searching through the coupons
until she finds the one for the barbecue sauce.] Okay, 25
cents off any size flavor of Kraft Barbecue Sauce including
the new $weet and Sour, which I would like to try because
I'm going to have spareribs. But if you notice they don't,
have it. Oh, here they do. Hickory.

Kraft Hickory Smok?d. )

Yeah, but they don'?\gsve the Sweet and Sour. [to her’
daughter] You see it, D? Nspe. Okay, see now in a
situation like this it's difficult to figure out which is
the better buy. Because this is--I don't have my glasses
on, how many ounces is that, D?

18.

. 18 ounces for 89 [refers to Kraft Hickory Smoked] and this

iS--

1 pound, 7 ounces--




Shopper: 23 ounces.for a dollar 17. [referring to Chris and Pits.]

[ Then speaks jronically] That's when I whip out my
calculator and see which is the better buy . ’
The comparison to be made has been simplified by putting both equétions
into the same units. But it requires a comparison which js difficult to
simplify further: eighteen ounces for eighty-nine cents must be compared:
with twenty-three ounces for a doliar and seventeen cents. The comment
about using a calculator could be interpreted, solely on thg basis of its
tone, as a move to abandon the calculation. But more convincing evidence
is available. The shopper has a caqulatof im her purse, and has
previously told the observer that she uses it rather frequently in the
supermarket, yet -on this occasipn (as in all but one case) she makes no
effort to get it out and suit action to words. She makes one more
attempt to solve the problem, and then abandons it even more definitively.
Observer: 30 what are you going to do in this case?
‘Shopper: In this case‘wbat have we got here? I'l11 try to do it
quickly in my head . . . They don't -have the large um-;,
Daughter: Kraft Barbecue Sadﬁe?
Shopper: *eah, so what I'm going to do is, I'm going to wait, and go
to another stgre, when I'm at one of the other stores, .
because 1'd like to try this.
One choice open to shoppers is to abandon a calculation, in the
course of which they choose an option to calculation as a basis for
comp]eting the decision process. Supermarket settings and grocery

shopping activity are rich in options to calculate, and this circumstance
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aads support to what already appears to be a Tow penality level for
abandoning calculation in favor of some other criterion of choice. This
contrasts with activity-in-setting in which problem generation, and hence
constra1nts on problem solution, are furnished to the problem solver, in
an asymmetrically structured sequence .of interaction in which the probiem
solver has little to say about the terms. In these circumstances the
only "option" other than success js failure, for example, on school tests
and in many problem solving experiments. .

In discussing problem solving in dialectical terms we have, among
other things, been developing an explanation of the mu]tip]e-ca]cu]atioq
(ultimately) error-free arithmetic practiced in the supermarket setting.
Multiple calculations cannot be easily accounted for in the linear
progression models assumed in conventional algorithm-based arithmetic
procedures. But our theory of gap-closing, dialectically constituted,
arithmétic procedures predicts that calculating will occur in multiple
"rounds." We hope to have demonstratéd this in practice as well.
Multipie rounds are possible because of the initial conditions by which
something becomes problematic in the course of activity-in-setting. The
probliem so]ver generates prob]em and so]ut1on shape at the same times
each enta11s the other. Procedures which operate on both problem and
solution-shape stand in juxtaposition to one another. Errors, which are
) frequgnt in early rounds, can therefore be recognized and instruct. Why
is the gnd product of supermarket calculatinn so accurate? First,
dialectical processes of problem solving make possible powerful

monitoring because of the juxtaposition of problem, solution and checking
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activity. When, in addition, properties of the setting join in as
calculating dev{ces, this adds another factor to those already -
juxtapbsed: he enactment o% problem solving. Second, any circumstance

that makes abandonment of a calculation a feasible alternative, leads to
fewer completed calculations, but more correct ones, than if options were
not available. One main circumstance has been mentioned ﬁrevious]y: if
the process of problem generation is under the control of the problem
solver, the solution shape is generated at the same time; alternatively,
the probiem solver may exercise options other than calculation.

In closing, we raise the question of how arithmetic practice might
change over time within grocery shopping activity-in-setting, though we
can do little more than indicate our interestAih the probiem. The
effortful process of sﬁab repair leads to a choice--to the moving of an
item from shelf to shopning cart and-the resumption of the rhythm of
routine activity. The snag has been transformed into a rationally-
accountable Ehoice. The latter replaces both probiem and solution effort
in future grocery shopping episodes. But such a choice creates the terms
for the occurrence of new snags, either as the choice becomes a baseline
for new comparisons, or as the criteria invoked in a rational account are
violated (e.g. by risihg prices, changes in relations of price .and
quantity, changes in family composition or food preferences).

As a whole, grocery shopping activity changes over time, jn a
changing arena, in relation to changing activities-in-other-settings, and
as a result of the activity taking place across repeated episones.

Shoppers marshal jdeological efficiencies partially to domesticate this
% T - -
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variability; but if-they afe to shape activity effectively, there must be
scope within it for investigating, checking, updating and refiecting
qhanges occurring in this setting and elsewhere. To be effectivé over
time requires'smooth rout.ines partly because this enables shopper-setting
interaction focussed about instructive novelties..

We have concentrated on snag repair but aré now in a‘position to
contrast this with a routine choice, when it becomes (for the moment ) an
dEtivjty-setting relation at its simpiest. Think of the shopper's
daughter in the last example as part of the setting. The daughter points
out the barbecue sauce. The shopper does not go through a choice
process, initially. Instead, she and the setting bring a choice into
being. She reflects this 1n her comment: "that was in my mind, now that
she mentions the sauce." The re]evant aspect of the setting need not e
a person: replace the daughter with a bottle of sauce on the shelf, and
an equivalent event would be the shopper who does a double take as he
passes this display, and backtracks slightly to transfer the “forgotten"
item from shelf to cart. Each may be thought of as a moment in the

dialectical constitution of activity and setting.

G) Conclusions

We have argued that the defining characteristics of arithmetic
problem §olving in supermarkets must be sought in the dialectical
constitution of grocery-shopping activity in the supermarket. settiné.
Thus, in. relation to the routine character assigned grocery shopping

activity, problems impinge on the consciousness of shoppers as small

119
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snags to be repaired. Given this ideology of routine and the comblex
structure of choice in the supermarket setting, arithmetic is used to
produce rational accounts of choice. Procedurés for solving problems are
dialectically con;tituted, in that setting and activity mutually create
and‘change each)Other; in the process "probiems" are generated and
resolved. These characteristics emerged from analysis of arena, setting
and activity. Had we taken as our template school ideology concerning
linear algorithms for problem solving, or the structured know]edde domain
“arithmetic," we would not have been in a position to analyze the
arithmetic practices. We hope, then, to have demonstrated the value,
indeed the necessity, of analysis of both the context of activity and
activity in context.

This last principlie led us to account-for price arithmetic in
dialectical terms, as a process of gap-closing. This process draws
prdb]ems and soiution shapes closer together, through operations whose
juxtaposition gives them multiple functions and creates circumstances for
powerful monitoring of the solution process. This, in turn, provides an
explanation for the extraordinarily high level of successfd1 problem
solving observed in the supermarket. There are specific ways in which
the supermarket setting stores.and disp]ay§ information, offers means for
structuring sequences of activity, acts as a calculating device, and
shapes the way in which “problem solving" is construed by shoppers.

These characteristics are not confined %o supermarkets. Most, if not

all, settings store information, offer calculating potential and means of

structuring sequences of activity. These pr.ncipies concerning the
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nature of settings are general ones. Likewise, gap-closing arithmetic-~
the simultaneous generation of prob]em‘and solution shape and the process
of bringing them into co{ncidence—-the'production of rational accounts in
complex choice situations, along with the abandonment and use of options
to calculation, are at work in other settings; they form a general class

of arithmetic procedures, with implications which extend far beyond the

supermarket.

The analysis of gap-closing arithmetic--indeed, the very
conceptualization of practical arithmetic as a gap-closing process--has
implications for theories of cognitive processing as well. "Problem
solving" is a term often used in free Yariation—-or worse, synonymously--
with "cognition," to describe (but not to contextualize) such activities
as arithmetic practices. "The assignment of unwarranted theoretical
centrality to problem solving reflects a failure to comprehend these
activities as practices sui generis. This conventional theoretical
framework views a problem as “"given," the generic "independent variable"
in the situation. The effort, the solving of the problem, is '
correspondﬁngiy characterized as disembodied mental activity. But the
reduction of cognition to problem solving per se simply cannot grasp the
generative nature of arithmetic.practicé as cognitive activity. In the
dialectical terms proposed here, people and settings together generate
problems. Moreover, they generate problems and solution shapes
simultaneously. Very often a process of solution occurs in the setting,

with the enactment of the problem, and may transform the problem for the

solver. Indeed, the most general lesson of our :analysis is the integral,
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generative and, finally, dialectical nature of activity-setting
relations, The lesson applies to grocery shopping and to experience-
generaving segments thereof; {t may be usefully applied to other,‘and

more inclusive, systems of activity as w2ll.
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]He have pointed out that it is difficult to analyze fam%]igr
situations, ndt only for grocery shopbing, but for 1§boratory experiments
as well. A program of multilevel analysis such as we propose hgre
requires analysis of the inéfitﬁtiona] arena within which activity comes
under scrutiny. The greater the remove of thé activity and setting under

andlysis from the activities of the observer qua social scientist, the
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less severe the requirement for reflexive analysis of one's own -
ambience. Thus, laboratory experimentation poses far tougher analytic
problems than grocery shopping, in our view. (The difference is only a

matter of degree, however.)

e g

2According to Wertsch, on whose transliation and interpretation we

rely here.

3A few simple conventions were followed in recording the shopping

transcripts. Numbers are written in words whenever numerals create
anbiguity in wording (e.g., ‘12¢' is unambiguous but 'B1.12" is not).
Dashes are-used to terminate a statement whenever oOne speaker is
interrupted by another. Three dots indicate either missing material,
reflecting a lack of clarity on the tape, or a pause in the:speaker's
comment: It is often difficult to distinguish between these two cases.
Other punctuation, jncluding commas and pericds, were inserted solely to
improve the intelligibility of the text. . —
4This generalization is the product of Murtaugp's analysis of the

selection process for nearly a thousand g?ocery jtems (see Murtaugh,

1983).

5Under1ining, and sometimes bracketed numbers are used to mark

transcript passages which are later referred to in the text.




grocery item mentioned by & shopper,
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65 ince data were recorded on the prices and quantities of each

it was possible to test objectively

4

sive than another. In

ed did -

the shopper's claim that one jtem was 1ess expen

oniy three of the 125 cases where ar1thmet1c problem solving was us

the shopper judge the 1owest unit price incorrectly. A1l three errors
. g

were made by the same shopper..

Y

H
7The term “gap closing" is Bartlett's (1958). Our adoption of his

term1nology acknow]edges the acuteness of his description of, and

Specu1at10n about, the forms of certain problem solving processes. It is®

important to try to account for the phenomena he describes under that

rubric, but as will become clearer in_ the text, a dialectical model of

problem solving conflicts with his interpretation. For Bartlett, gap

closing is a mental act1v1ty, for us a series of re!at1ons between /

‘activity and setting, each of which changes the other at every step.

-
1

8There is a contradiction inherent in the enterprise of observing

the ordinary. It might be useful to indicate, therefore, the ways in

which we have coped with it, if not ‘transcended it. Befare entering the"

supermarket shoppers strapped a tape recorded over their shoulder and’

were asked to wthink out loud" while proceding through the store.

Shoppers were told that the two-researchers accompanying them weré

interested in learning aboﬁf*their shopping pr%cedures, whatever.they

might be.
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As a shopper walked through the store, one researcher maintained a
running conversation with the shopper. This approach grew out of pilot
work in which both more and less active methods were tried. We found
that shoppers felt more comfortable describing their behavior as part of
a conversationvthan simply as agnono1bgue. Second, it was necessary to

_clarify many of the shoppers' comments and other aspects ~f the shopping

Fl
I

22 environment which would otherwisé not be clear in a taped recording.
i . .

>}Ihfrd, the researchers sought information about influences on the

J shoppérs' decisions which the shoppers might not volunteer. Once an item
Was se]gcted, the shopper was asked about other items present which had
not begn mentioned. .These questions generated much additional -
information. in all cases, the r;searcher was careful not to interpret
the situation for the shopper, but rather to clarify the shopper's_
behavior for the record. Our attempt to exercise high ethnographic

standards could not, of course, eliminate the interaction between actor

and observer. Rather than ignore it we have tried to take it into

account in our analysis.

Ihe topic of conversation [1] is established in a way strongly

reminiscent of topic establishment in Mehan's transcripts of

c]gss—p]acement meefings (this volume p. ). .
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V. The Educational Implications of Situation-Specific, Dialectically

Constituted Arithmetic Practice

In this section we'll start with a reexamination of some numerical

findings, but intend to end up with some general ideas. First of all it

cannot be too strongly emphasized that our findings conflict with the

common wisdom. The data co]1ec£ed in the course of the project paint a

picture of enormous gfficacy in adult uses of arithmetic in everjday

settings, and in contrast, rather severe difficulties with school-like

arithmetic. These characteristics are not, however, limited to adults.

n to believe that school hay be uniquely designed

We shall

There seems good reaso

to produce arithmetic incompetence and its attendant anxieties.

pursue this further in a moment.
In addition to the discontinuous pattern of test scores across

situations--with school-like problem solving at the low end--there is the

surprising finding that performance on best buy problems in circumstances
where a minimal attempt was made to simulate supermarket problem solving -

conditions, leads to performances very similar to those in the store.

This is surprising, not so much because it violates common knowledge but

because it doesn't fit with two ongoing attempts to simulate "real wor1d"

problem solving. One of these occurs in schools as they try to enrich

_ math curricula with "real world" problems 1ike those children might

encounter in their everyday lives. The second is experiments on math
learning which have the same goals. One hears most about the consistent

rformance

-
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jevels and errors made in the simulated circumstances. James Herndon

provide§ an extraordinarily vivid example of the phenomenon (How to
Survive in your Native Land, 1971:93-95):

For a while I would drop in on the Tierra Firma bowling alley,

. . .. Oneday I ran into the dumbest kid in the dumb class

. . .. In the end, of course, I asked him what he was doing
around there. He was getting ready to go to work, he 'told me.
Fooling around until five, when he started. What did he do? 1
keep score, he told me. For the leagues. He kept score for two
teams at once. He made fifteen bucks for a couple of .hours. He
thought it was a great job, making fifteen bucks for something
he 1iked to do anyway, perhaps would have done for nothing, just
to be able to do it.

He was keeping score. Two teams, four people on each, eight
bowling scores at once. Adding quickly, not making any mistakes
(for no one was going to put up-with errors), following the
rather complicated process of scoring in the game of bowling.

. Get a spare, score ten plus whatever you get on the next ball,
score a strike, then ten plus whatever you get on the next twd
balls; imagine the man gets three strikes in a row and two
spares and you are the scorer, plus you are dealing with seven
other guys all striking or sparing or neither one....I figured 1
had this particular dumb kid now. Back in eighth period I
lectured him on how smart he was to be a Jeague scorer in '
bowling. I pried admissions from the other boys, about how they
had paper routes and made change. 1 made the girls confess that
when_they went to buy stuff they didn't have any difficulty
deciding if those shoes cost $10.95 or whether it meant $109.50
or whether it meant $1.09 or how much change they'd get back
from a twenty. Naturally I then handed out bowling-score
problems and paper-route change-making probiems and buying-shoes
problems, and naturally everyone could choose which ones they
wanted to solve, and naturaily the result was that all the dumb
kids immediately rushed me yelling Is this right? 1 don't know
how to do it! What's the answer? This ain't right, is it? and

- What's my grade? The girls who bought shoes for $10.95 with a
$20 bill came up with $400.15 for change and wanted to know if
that was right? The brilliant league scorer couldn't decide
whether two strikes and a third frame of eight amounted to
eighteen or twenty-eight or whether it was one hundred eight and

one hailf.

There dre some reasonable specu]ationstto be made about why people

performed so well on the best buy simulations of:grocery shopping

arithmetic--it was untest like in that the problems were underspecified,

1 3‘1' )

R R



the data were gleaned from the environment, no pencil and paper was

required so school algorithms weren't encouraged. No specific problem
was stated, other than "which is the best buy?" for the actual
bottles-and-jars problems, and even the format of the problems on cards
was not conventionally linear. Many of these are just like Herndon's
tactics, which, however, led in that case_to failure. The one difference
that takes on serious significance from our theoretical perspective is
that 1aid out in the previous section: The informants here, unlike kids
in Herndon's class, engaged in problem construction, and with it the
creation of sq]ution shapes which made gap-closing procedures feasible.
They were not members of the social category "dumb class," so eloquently
described by Herndon. ‘

But in raising the problem posed by the best buy problems, the inteiﬂ
was to focus on the other, more'imﬁbrtant, problem of why attempts 1ike
Herndon's are not successful, It should be clear that the problem is
broader than the failure of pedagogues and researchers.to replicate the
essential dimensions of every day problem solving. That failure is
visited on children, who experience anguish ané anxiety about it during
their school ye;rs, who, as adults, apologize for their jerry-rigged
procedures in the. supermarket which, they say, aren't "real math." Not a
single one of our informants realized that they were arithmetically
efficacious in that setting. And fai]ufe at arithmetic is visited
differentially on children of different races and ethnic groups. We
refer here to e;idence from Ginsburg and others that white and black

children from lower and middle class families enter first grade with




undifferenfiatab1e arithmetic skills and that the disparities begin, and

increase, in school. Our data suggest that school may be the only
routine everyday setting in our 1{ves for which this pattern of failure
at arithmetic--socially differentiated--is’to be found.

While we have been trying to map links between school arithmetic and
the practice of arithmetic in daily life, experimenters have approached
the same problem primarily by trying to simulate in the laboratory what
ti ey cons1der to be the crucial feature® of problem solving situations in
other settings. Educators might be similarly described as expressing
their increasing concern for the pract1ca1 relevance of schooling by
adding simulations of real world problems or situations to arithmetic
curricula. Why have attempts to create vefisimi]itudinous arithmetic
problems,to teach practical math, more often than not been
disappointing? To take the teaching of practical arithmetic ser¥ous1y.‘
would require the reorganization of math curriculum to reflect the
organization of everyday activities rather than the internal qrganization
of arithmetic principles. At present, the act of transforming>"daily
1ife problems" into arithmetic assignments destroys their mundane
characteristics: the problem is given to the problem solver rather than
generated by the problem solver. The only resources for solving the
problem acceptably for teacher or experimenter are algorithmic place
holding ones, usually done with paper and pencil. Many of the everyday
strategies for efficaciously solving problems--using the environment a§ a
calculating device, changing the problem, asking someone elsé€, etc.

wouldn’t be recognized as acceptable solution procedures in school or

experiment.
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’ A second major reasén that simulation attempts have generally failed
éomes from the diverse multidimensional nature of arithmetic activities.
Both our theory and our data stand in conflict with constancy models of
arithmetic performance across a lifetime (you are either‘born with math
ability or you aren't). They are likewise incompatible with views that
arithmetic is learned (only) in school, and that you leave £he door with
a fixed repertoire of arithmetic skills. (1t follows from such a model
that the last/best performances in school should be accurate
prognosticators for future arithmetic performances, while we find no
‘ relationship between performances across situations.) The work reported
here does not even support a simple unilinear decay model of arithmetic
learning. It.is true that age and time-since-schoo1ing-was-comp]eted are
negatively related to performance on school-1ike tasks, so that the older
and more distant from schooling, the poorer ﬁhe.performance.~ But BASIC
arith&étic is not corre]atéﬁ with age or time-sincé-schooling-was-
completed; nor are number and me;surement facts, best buy ca]culations,
or frequency of wuccess of calculation in the supermarket. The picture
drawn in the previous section of gap-closing procedures for solving
problems adds to this picture substantial evidence of discontinuity in
strategies, tactics and use of situational resources, between arithmetic
practice in school and elsewhere. The very circumstances of our 1ives,
* then, boint to the variety and cohp]exity of what is all too often

reduced to "native ability," or wpasic competence," or "Jearning the
f

fundamentals."
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The picturé is supported still further when standard difficulties in
solving problems, are compared between, say, school-1ike arithmetic and
problem solving in the supermarket. In section IV. it was argued that’
supermarket arithmetic is abandoned at timeé when particular numbers are
unmalledble--difficult to manipulate in ways that won't distort relations

in such a way as to negate the purpose of the calculation.
Were fuyther eviaence«for this difficuity needed, strategies used by
super'arketsifor pricing éoods iﬁ:odd pennies and ﬁéckaging ngdé in
Prifie-number we1ghts should suffice. Yet in an ektensive fine-grained
analysis of problem by problem patterns of success and difficulty on the
math test by Kather1ne Faust {using multi-dimensionsal scaling, quadratic
a551gnment analysis and factor' analysis), it uppears that the only
constant division among the problems has nothing to do with the
properties of the numbers, but instead, 1lies béﬁ@een'prob]ems that are
directly solvable aqd those that must be transformed before so]ving. Why
should refofmu]ating problems be so easy in the supermarket and difficult
in school-like situations? * We have discussed the supermarket data in
section IV. In relation to the school-like test, it is plausible, though
not compelling, to argue that the demand for changing the problem
violates those school norms which characterize problems as “givens" and
problem-solving procedures as "discovery procedures,” rather than as
procedures for transforming problems. Secondly, it may be that many of
the transformative procedures (for example, in setting up division-of-
fractions problems) are learned as meaningless protocols (algorithms may

not always promote understanding of deep arithmetic relations, and for
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the ordinary arithmetic user may remain unmotivated in relation to the
structure of the arithmetic jtself, and hence easily forgotten.
Certainly the division ‘of fractions data would suggest this). Whether
our speculations are substantia]ly correct or not, it should at 1east be
clear that the differences in standard difficulties in different contexts
proyides data as convincing as, perhaps more convincing than, the
arithmetic procedural differences between tests and supermarket.

It has been suggested that two major conditions contributing to the
failure 'of attempts to link school to everyday life through simulating
everyday problem solving have been the organization of curricula, and too
many one-dimensional views of,a multidimensional arithmetic universe.of
pract1ce There is a third condition inimical to the goal of bringing
life's problems 1ntq the c]assroom 1t is perhaps the most crucial of
a11j What we have referred to ae "mu1t1d1mens1ona1“ arithmetic practice
is more precisely called "mu1t1s1tuat1ona1 " For, the powerful
effectiveness. of everyday arithmetic practice comes from its integral
relation with the substance of what is going on around it.’ That is true
in school as everywhere else. And the charécter‘of arithmetic in these
settings correspondingly varies. The trouble with most simulations is
that they are in fact translations rather than simulations, trans]ations-’
from one context into another, with the attendant difficulties already
described. They are not simulations of the activities and settings

within which people actively generate problems and problem solutions, and-

change both problem and solution , and engage with the setting in the

prhcess. Those simulations conform with a venerable tradition in the




social sciences, but s¢ long as school

continues to provide first and

foremost an institutional. embodiment of this tradition, it is not 1ikely

that cross- s1tuat1ona1 integrative goals will be achieved.

Had we in section III. done a complete analysis (in the terms

proposed here), we would have presented analyses of the testing situation

and the best buy problem solving session in character and deta11

comparable to that presented in sect1on IV. for grocery shopping in the

supermarket. Far more jmportant, evidence w111 soon’ be' avdilable from

the Weight Watchers project, which spe
by which ‘arithmetic is soO efficacious]
It is not poss1b1° to rectify the omis

1t can be noted that the‘math testing

so1v1ng of a sequence of prob]ems was

cifically addnesses the processes
y acquired in everyday settingsc .
cion now. But at the very least,
situation was one in which the

a major structure-giving shared

understand1ng about the act1v1ty in progress. It seems plausibie to

assume that more effort and attent1on went 1nto the arithmetic in this

L

setting than in the supermarket. Even this crude observation on

situational difference makes the contr
sett1ngs more start11ng than before.

seem to provide a pr1v11edged occasion

ast in performances between the two
Schoo]-]ike-arithmetic tasks QO not )

for diagnosis of arithmetic !

competence in other settings. There are instead a variety of

performances, but given the situational specificity of arithmetic

practices there is no obvious rational

a baseline, or for that matter, peak

e for selecting any one of them as

performance indicator. Competency

exams, by this analysis, are a contrad1ct1nn in terms. It may be that

examination makes us all incompetent--precise1y_Herndon's point in the
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passage quoted above. This is not intended as_an idle remark. For being
dumb may be as much as anything a matter of being acte upon, silenced,

kept from generat1ng one's own prob]ems--and solutions.

Success is an admirable form for ¢quality to take. In the

" supermarket age, gender, income and amount of schooling do not seem to

*motteﬁ. We presume that race and ethnic affiliation are similarly

irre1evant Cou]d the same situation be ach1eved in schoo]? In terms of

ar1thmet1c know]edge, it weu]d be possible to emphas1ze mental arithmetic

" skills., DraW1ng on existing everyday mental-math skil s might help as

§e11 The 1atter might be useful in changing the role of schoo?
ar1thmet1c as the normative, universal standard for proper math practice,
1nto a more relat1ve ‘scheme of valuation of a multiplicity of arithmetic
strateg1es. ‘Our 1nformants report more math anxiety in relation to the
schoo] yeart of the1r Tives than at any other time. Incrieased awareness
of the var1ety of arithmetic strateg1es in different situations might
reduce to soﬁe degree tbé anguish, if based on respect for the efficacy .
of everyday ar1thmet1c strateg1e<

But bas1ca11y, 1t is not feasible to modify the teaching and learning
of arithmetic in school without changing fundawenta]]y the situation in
which it is 1earned."And,,if our éﬁalyéié’is correct, to meke soch
modifications require; coming dowo on one side or the other of the
ex1st1ng d1{emmas concerning the schoo]'s role in the transmission of
culturally valued know]edge. It may be just as well that exp]oratwons of

everyday arithmetic in context provide such an optimistic picture of

widespread efficacy.




: Appendix 1:

Math Tests and Tasks

Math Test

Multiple Cholce Test

N

Mental Math

Number Facts
Measure Faéts

Best Buy Problems
Calculator Problems

Device Inventory
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Arithmetic Problems ,
*Tnstructions: Read the fol}owing introduction:

""Now, we have some arithmetic problems that we would like you to work
out., This is not a-test in the usual sensze, since we are not .
particularly interested in how many -nestions you get right and wrong,

but rather how do the problems ana what kind of mistakes you make,
not how many. Thelre is no time limit for working theses problems’and” you

will not be timed Bo work at the pace which is most comfortable for you.
Feel free to siip any problém and return to Tt later but please at least
try to work out all of the problems, If you want to change something
that you have written, please Cross it out neatly,_using only one or .two
lines, so that it is still readable. After you have finished all of the
problems, we will go over some of them gnd talk about how you got your

a

ansver." . .
. . 1]

4

Have the person work the problems in ink. 'When the person is '
finished, changde the pen that they are using so that a different color in-~
will be used if they write on the test during the following discussion.

“hile the person is doing the problems, notes should be taken on the
observable pracegdureies. For example, things such as pauses f(and a
rough indication of their lengths), wvhen persons resort to scribbling and
figuring off to the margin, the direction of work (left to right or raghtxv
to left), when people put in decimal points, and when people skip problems
or return to them should be noted, In general, notes should be taken on t
the order of activities observed,.since this is difficxult or impossible
‘to obtain from ang examingantion of the test papers. o

People may ask certQsn proceedural questions purposely not covered
in the introduction.read .o them; the most common (with answxers) are:
asking if they can rewrite problems--yes

asking if the may check their vork—--yes’
any question involving ushould" or specific.problem solving methods should

be left to the d scretion of the person, ie. "Its up to you" (this applies
to questions concerning the form ofr length of remainders as well). ’
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OMILTIPLY
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ADD SUBTRACT
" 12) l 5___ _ 15).3-_l_=
2+6- B ) 5 10
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’ y 3
h

17) 1_1.
W 12 3377

MULTIPLY
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Multiole Choice ,uestions

*Insbrhciions: Read the following introduction,

"Ye have some multiple choice duestions that we would like you to
answer. Bach question has one and only one correct answer. FPlease
circle the number of the answer which you feel is correct. If you get
stuck on a question, feel free to skiﬁ it and return to it later, but
please try to answer all of the questions., There is no time limit on
~ these quesiions and you will not be timed o feel free to work at

your own pace.,"

Have the people use a pen when working the problems and they can use

the margins or scrap paper to do calculztions (but be sure to keep any

gggsgrused for this). If a person has absolutely no idea of the correct
- and asks about it, they may skip the problem of just guess, but

note any pure guesses either in the notes or on the test form itself

(this is most likely to come up in the two metric system questions).

If the persons asks for clarification of a question be as helpful as

possible but do not define terms or suggest any particular techniques.

Feel free to puint out that there are no "trick" questions and it may be

helpful to suggest that the.person may be trying to read too

much into the problem.,

“While the test is being taken, notes should bade taken on the
ren movements and pauses or hesitations. Jome persons may use the pen
to follow along while they read the question or consider th. ansviers.
It will be gquite difficult to record all of these movements but it shold &
attempted., .. shorthand helps. Pauses shoXuld be noted along with
approximate length (short vs. long) and when they occur in the problem
- solving process. Any questions, comments, or mumbles by the person
> should also be noted. Hesitations are when a person appears to begin
to circle a particular answer (note which one) but then stops as if
reconsidering. Any questions answered particularly gquickly should also

be noted. i .




1.

8.

7.

What is another way of wriling 83?
1) 80 + 3 3) 8+3.
2) 8+3 - 4) 80 + 30

What is a name for the number of books
shown below?

1)

2 ¢ 1<Elm
3) 5 tcb:&’;
4) 6 B2 <0

How would you rcad 21?
1) Two ones

2) Twenty tens and onc
3) Two and onc

4) Twenty-onc

How would yos write 5 tens and 6 ones?
1) 561 3) 65
2) 506 4 56

What is another name for fwe hundrc(i

thirteen?
1) 20,013 3) 2,130
2) 2,310 4) 213

Which numeral tells how many tens there
are in seventy?

1) 5
2) 17

3) 50
4) 70

Which of these is a way to find one-half of -
cipht? )
1) 8 +2

3) 84+ 2
?).8x_2

4 8 -2

.
w
Which numeral is nearest in value to 9000?

1) 8998 3) 8008
2) 9998 4) 9119

9,  What is the meaning of 206?
1) 2 hundreds wind 6 ones
2) 2 tens and 6 ones
3) 20 hundreds and 6 ones

4) 26 tcns
16. What is another name for one thousan:.
sixty? i ‘ :
1) 100060 3) 1060
2) 1600 -4) 1006
11. What is another nn;z;e for 30,000 4 300 + 62 -
1) 300,003,006 3) 30,306
2) 33,006 4) 3.306

12. What is another name for twenty thousand threc
hundred six?
1) 2,306 3) 23,006
2) 20,360 4) 20,306

[

Which of the following numerals has the greate:

value?
3§ .

K
o4

13/

23

14} What should replace the [ In the number sentence.
35,247 = 30,000 + 5000 + ) + 40 + 77
3) 200

1) 2
4) 2000

2) 20

-

Which numeral below represents the greafest value?
1) 19234 - 3) 101 g
2) 10.09 4) 9.9

15.

16. In which of the following excrcises arc the numerals
correctly arranged {or addition? -

" 1) 4.1 3) 4.1
.08 08
Y ' 09 N

2 4. 4) 4. L.
.08 .05 .

9 - 9

o——




| i7. Uow wanld you read 3.009? ‘
1) 3 poim9
2) 3 and 9 tonths
3) 3 and 9 hundredihs
4) 3 and 9 thousandihs
8. Which of the following Is not wiother name for 2 {§ ?
1) 24 ¥ 3 24 4 240
"9, Which of the following Is not another name for four
and two-nln.llu? ‘
1) 4+F 2P 9 4F 4 L2
0. The lnc’ome- of a business in » Pecent year was
$4,325,829. Which ol these is the closest approx-
imate expression for this amount of money?
1) % -}'mimoa' 3) $4-4 million
2) ‘SAfmiion  4) S4gmillion. .
1. Which of the following Is the greatest distarice?
1) S kilometers
2) § centimcicrs
Q) S millimeters .
4) S mceters |
2. Which of the following measures would give the best

3.

estimate of the height of the doorway in your,
classroom? )

1) 6 centimeters N
2) 6 meters

3) 2 meters
4) 2-kilometers

.Which group of numbers below has an average of 42
.1) 204'6'8' ~ ) o’

2) 2' 3' 4 "#

3) 4.6,8 - S

4) 3, 4,5 -

3

‘Which of the following would give the best estimate
"of 363 X 1927 <

1) 200 x 350 3) 100 x 400
2) 200 x 300 4) 100 X 350 -
Q * “15p

2

27.

28.

31.

25 \Which of the Tollowing is the best estimate. of

§.09 x K917
-14) §x9
2) S x‘n

3) 6x8 o
4) 6 x.9

6.  Which of the following is closest in value (o

398 x.100? )

1) 30000 3) 3000 ”
2) 40,000 = &) 4000 B

~

-thousand?
1) 240,000
2) 236,000

3) 235,700
4) 235,000

the rounding done?—

1) To the nearest whole aumber

2) To the ncarest tenth

3) To the nearest hundredth

4) To the nearest thousandth s

29. “;hlch anmernl below Is cquivalent to S%?

ns 2+ % e .

s8 x 37

30. Which has the same value as 8
"q) 3x8 g§+3
2) 3+8 4 3x5x3

How ‘would omitting the deciral point in 1.20
change the value of the numbcr_{ .

1) . It would not change the value. '
2) It would make it Tiﬁ as great,
"3) It would make it 10 times greatef.

4) I would make it 100 times greater.

. .~32,. Thereare 3 fectin 1 yard. Which of lﬁcse is.

¢ & way to find the number of inches in-1

yard?
‘1) 12%x3 3) 12 +3
4 10x3 .

“2) 12+ 3

«*

In which case Is 235,739 rounded to the’nearest -

The numeral 46,537 was rounded to-46.5. How was

[



Mental Math

¥

Present each of the problems orally. Have the person do the problem
mentally (no paper and pencil or calculator) and record their answer.
Then have them describe the process they used to solve’the problem.

In particular check to see if they used any mental images when solving
the problem; i.e., "Did you picture the problem as if it were written
on a piece of paper?" If so, have them describe the image, was it
horizontal, vertical, etc. Have them talk through the steps they

went through to solve the problem, noting particularly how they-handle
carries, borrows, etc. Go on to the next problem.

(1) 256 + 37 (2) 139 - 20 (3) 246 X 2 (4) 120/30

Math Facts . -
Read the person the instructions given on the interview forms. Record
the answer they give or an "F" if they say that they would.have to
figure the problem, along with the length of time it takes them to
respond: none (almost immediate response), short pause, pause. Also
note any obvious rising intonation by using a small question mark and
note whether the person fépeats the problem before responding. |

**Note, there are two possible responses to the Math Facts, a number or
UFT There are three possible amswers to the Measures: a number,
"Figure", or "don't know," used when the person bsas nd knowledge of

one or both of the measures in question.

‘Some arithmetic we just carry around in our heads--it is memorized. For

example, If someone says, "What's 2 + 27", I just say "4" without
having to stop and think about it. On the other hand, there are

lots of problems we can figure out the answers to, but the answers aren't

just at the tip of our tongue; for instance, 35 + 7.

On ‘this set of problems I'm interested in knowing which enes you've -
got memorized, not how you would figure the c-her omes out. So if
you know the answer without stopping to figure, tell me what it is.
If you den't know it right off, let me know it*s one you would
ordinarily do figuring in order to get the answer. We won't bother
to stop and do the figuring, though.

'We'll start with some addition problems.

N




.“3‘ + ;3 ‘=-. o
| -:5'7' llL,: 1| ‘— | N N * 7 +"3. — ._‘
. Yo+s h
_ o=

en
47

|

300+ :a‘o =
N+ 9=
44+f2;-

“ ':5’} 6=

/é+9='
£r 7= |

O+ 5=

2 | |
: @.“ Ia,-':
ERIC |

152
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A ruiToxt provided by ER

Measurement Facts:

vant to do the.same sort of‘thing we'lve boeen doing with addition,
nultiplication ﬁnd 50 on with some weights and measures, Again, some of the
1ave memorized apd.othcns ws have to stop and figure, and vwae're interested i~
xhiph\qpes you pave memorized and which‘you havé to figure. Soqé measures
aave begg.included yhich you may not be familiar with, if s0 Jjust gnswe? '
don't know to those questions. )

Jave you learned the metric system?

If so,.what rarte of the-metric systoﬁ do you know about?

How many inches are in a foot? (I2)
ailimeters in an inch (254)

'Y 1

fe;t in a yard (;7

 §ard§ in a ro;{5359'

feet in a mile (5, 270)
miles in a league(29)~¢4)

rods in a furlong (¥©)

Iiﬁ:chcs in a yard (3¢)




A\

How many teaspoons are in a éabléspoon? (3 P

N \

tab.lespgons in & quarter cup (‘7’)
ounces in a pound (/é)

quarts in a gallon ( Y)

S}ips in a quart ( )

cuips in a gallon-(lé)

gills in a pint; ()

ounces in a quart (33)

pints in a quart ()

quarts in a peck (9)

pécka in a bushel (%) o

tablespoons in a stick of butter (¢)

How much-does a stick of butter weigh? (}{, ,um/)




Best Buy Calculations

sInstructions: First ask the person .

"ihen you go shopping, do you ever find yourself comparing tﬁé items in
order to find out which one gives you the most for your money?"

If no, probe a little deeper to. make sure, If yes, ask:

nibout how often do you think you do this?" On‘tﬁe order of once/shop,
twice/shop, one a week, etc, . ) .

"Wk How do you usually do this? In your head or do you use paper and penci.
or a calculator?" | ;
"Have-you ever run into a situation where you couldn't figure this out

using (£ill in usual method)? If so, -what did you do?™"

"Now I have some problems of this type ¥ for you to do., Each problem
will have two or three items, either the actual items or written on

notecards, and I want you to tell me which one gives you the most for

After getting the above information say:

your money. Assume that the quality of each items is the same and that
you have no other preference except for getting the most for your noney.
Please talk through the problem while you are figuring it out, so that
I can follow the steps you are going through in making your decision."

The first try on all of these should r2 mentally (no pencil and paper or
whatever), but if the person says that they cannot decide or the problem.
is too hard, allow them to use whatever they would if they were doing this
in a s%ore, which should have been discovered in the initial questions.

If no alternative was given, you then play the role of a calculator., Ask:

"’hat information would you need to answer theis question? 7Tell me
exactly what needs to be done to help you decide and I will use this
calculator to get any intermediate steps done,"

Then do just that,

ifter each problem clarify any parts of the procedure which were not
clear from the subject's discription, '

-
(|
<o
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Calculator Problems

Read the first two problexs. Feel free to =suu»piy repeat any nuabers that
the person asks for, If the person requests it, allow them to write down
intermedi:te results or §ou may act as memory., Show the person the

third problem, as this Is aabiguous if read. For each problem record the
order of entries and operations aad when and what the person writes down
or. asks you to remember,

1)Find the price of an appliance which lists at $27.60, but has a

3055 discount, and the sales tax is 67%.

2) Iind. the gas mileage for ¥ your car, if -you fill up your t .nk =nd
the odometer reads 55738 and after a trip you again fill up your tank,

whir kes 12.8 gallons, and this time your odometer reads 56052.

-

3

3)Find the result of 345 plus 289 divided by tne result of’ﬁa rlus

3’7 SJ,U”AI‘&'{d. (31{»5‘?289) ) }

bz + 57°




- > T o .
- Device '—Inve}ﬂ"\’ov _
< 0 ’ ' - ;.
# B . ( ‘ : ‘v.‘
Here 1is a list of measuring devices, tables, etc., )
some of which you .may have in.your home. If you

are not familiar with a term, OF are not sure what ‘
the device 1is wused for, please ask about ic. .
Please check the answers .which seem most correct. " ‘

"

|
3 MEASURING CUP N ' _
I have one. I1°’m not suyre I I don’t
have one. have one. -
I use it a lot; 1t - 1 yse it I use it I don’t
is indispensible. quite a lot. some. usE ifp~

If I had one .

alternatives
1’d use it.

used in place of it?

v * .
s

4 MEASURING SPOONS .
I have a set I’m not sure I I don’-£- .
' have any. have any.
I use them a lot; they I use then 1 use them\ A 1 don't t

are indispensible. quite a lot. ‘. .some. ‘use them.

alternatives . . 1If 1 had one

used in place of them? ° °, 1’d use’ them.,
6 RECIPE FILE '
I have one. I‘m not sure I 1. don’t
have one. have one.
| I use it a lot; it I use it I use it I don’t '/
[ is indispensible. quite a lot. some. . . ‘use it. -
. ’ ey )
| alternatives : If I had omne =
used in place of it? . 1‘d use 1it. ~




.
.

-

7 "BLENDER JAR OR CONTAINER WITH QUANTITY MARKED
1 have one. I’n not sure I I don’t
have one. * have one.
I use it a lot; 4t I use 1it I use it . I don’t
is‘inﬁispensible./ quite a lot. sone. use 1it.

1t I had one

alternatives
1’d use 1it.

ysed in place of 1t?

8 OVEN TIMER (to -delay start and stop of oven)
I havé one. 1’m not sure I I don’t
have one. ) _ have one. .
1 use it .a lot; it I use it I use it I don’t
is indispensible. . quite a lot. some. use 1it.
S alternatives ’ If I had one

-used in pldce of 1t? 1°d use 1it.

9 WINDUP TIMER (60 minute)
I have one. I’q not sure I 1 don’t
have one. have one.
T use it a lot; 1t * I use it I use 1t
quite a lot. some .

1s indispensible.

If I had one

alternatives
1°d use it.

used in place of it?

\

10 DIET SCALE . - .
I have gne. I’m not sure I I don't
have one. ~ have one.
I use' it w'lotk it 1 use it I use it . I don’t
is indispensible. quite a lot. some- use 1it.
alternatives \ 1f I had one

used in place of .it? 1°d use 1it.

-
l{.f 11

1 <on’t
use it.

| ]




11 OVEN THERMOMETER .
I have one. I’n not sure
have one.

I use it
quite a lot.

I use it a lot; it
is indispensible.

alternatives
used in place of 1it?

»
—

1? MEAT THERMOMETER
* I have one. I’m not sure I_
have one.

I use it
quite a lot.

alternatives .
used in place of 1t?

7/

13 CANDY THERMOMETER
I have one. I’m not sure I
have one.’

I use it
quite a lot.

I use it a lot; 1t '
is indispeansible.

% alternatives
used in place of 1it?

]

14 REFRIGERATOR THERMOMETER
I have one. I1’m not sure I
- have one.

I use it

I use it a lot; it
quite a ‘lot.

is indispensible.

alternaﬁives
used in place of 1it?

e

»

-*

-t

I don’t

. "have one.

1 don’t
use it.

I use it
sone.

If I had one
I'd use ito

I don’t

have one.
I use it 1 don’t
somé. use 1it.

If I had one
I'd use ito

I don’t
have one. .
3
I use it I don’t,
some. use 1it.

If I ﬁad one
Ifd use 1it.

I don’t .

have one. )
I use it I don’t
sone. use 1it.

If I had one
I1°’d use it.

Page 3
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o
15 EGG TIMER
| 1 have one. I’m not sure I - 1 don’t
have one. have one.
I use it a lot; 1t 1 use it I use it 1 don’t
ig indispensible. quite a lot. some. use 1it.
alternatives ' 1f I had one
used in place of 1t? 1°d use 1it.
¥
16 SHOT GLASS . ,
I have one. 1’n not sure I 1 don’t
have one. have one.
1 use it a lot; it 1 use it 1 use it I don’t
is indispensiblesd quite a 1lr*%. SOme. use 1it.
alternatives " If I had one /
used in place of 1t? 1°d use 1it.
DO YOU HAVE A CAR? [ ] yes { ] no

1f yes, please do the following 8 questions:

20 SPEEDOMETER
1 have one. I1’m not sure I 1 don’t
have one. have one. .
I use it a lot; it I use’' 1t "1 use 1t 1 don’t
is indispensible. quite a lot. some. use 1t;
: ) it’s brokene.
alternatives
used in place of it
to reckon car speed?
21 GAS GUAGE . .
1 have one. I’n not sure I 1 don’t
have one. have once.
I use it a lot; it I use’it 1 use it 1 don’t
is indispensibles ' quite .a lot. some. use 1t}

' - {it’s brokene.

alternatives
uscd in place of it
to keep track of gas?

129

>
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26 OIL. PRESSURE GUAGE :
1 have one. I‘m not sure I . 1 don’t
have one. have one.
I use it a lot; it * I use it I use it I don’t
is indispensible. gquite ‘a2 lot. sone. use it.
alternatives 1f I had one
used in place of it? 1’d use it.
1
27 ROAD MAPS .
I have more I have I have I have I°m not sure 1 don’t’
than 5. 3 or 4. 2 or 3. one. I have one. have any.
1 use them a lot; they 1 use them I use them I don’t
are indispensible. quite a lot. some. - use themn.
alternatives If.1 had some
fused. in place of them. 1°d use them.
A - e .Y
29 BATHROOM SCALE .
I have one. I‘m not sure I I don’t
have one. . have one.
I use it a lot; it I- use 1t I use it 1 don’t
2s indispensible. quite a lot. . some. use ict.
alternatives If I had one
used in place of 1it? 1’d use it.
30 FEVER THERMOMETER .
1 have one. I‘’m not sure I I don’t : .
have one. . have one.
When someone 1is sick I use it quite °
I use it a lot; it a lot when I use it 1 don’t
is indispensible. someone is sick. sone. use it.
alternatives ‘ 1f 1 ‘had one
used in place of 1it? © 1’d use it.




"33

EYE DROPPER
‘1 have one.

31

I use 1t a lot;

BABY SCALE
I have one.
(or once had)

32

I use or used it a
indispensible.

lot;

I have one.

I use /it a lot;
is indispensible.

RULER
I have one.

35

I use it a lot; 1t

is indi§pensib1e.

it
is indispensible.

ic

I1‘m not sure I
have one.

I use {t
quite a lot.

alternatives‘
used in place of 1it?

I1’m not sure I
have or had onee.

I used it
quite a lot.

alternative method
used in place of 1it?

BLOOD PRESSURE GUAGE

I’m not sure I
have one.

1 use it
quite a lot.

alternatives’
%ﬁsed in place of 1it?

1’m not sure 1
have omne.

I use it
quitie a lot.

alternatives
used in place of 1t?

I don’t

have one.

I use it I don’t
some. use 1t.

If I had one
1°’d use 1it.

I never

had one.
I used {t I did not
sone. use 1t.

If I had one
I’d use 1it.

I don’t

have one.

1 use it I don’t
some s use it.

1f I had one
- I°d use 1it.

I don’t

have one.

I use it T don’t ,
some. use 1ixt.

If I had one
1’d use it.

Page 7



36 TAPE MEASURE
I have one.

1 use it a lot; it
{s indispensible.

37 YARDSTICK
I have one.

1 use it a lot; it

is indispensible.

38 CALENDAR
1 have at
Yeast one.

1 use it a lot; it

is indispensible.

39 DATERBOOK
I have one.

I use it & lot; it

is indispensible.

(cloth)
1’m not sure I
have one.

I use it ‘
quite a lot. some.

alternatives
used in place of ite?

1’m not sure I
have one.

I use 1t I ugz
quite a lot. some.

s

alternatives
used in place of it?

1’m not sure 1
have one.

I use it )
quite a lot. | some .

alternatives
used in place of it?

4

F

1’m.not sure I
have one.

1 use it I use
quite a lot. sone.

alternatives
used_in place of 1t?

177

I use it

I use it

1 don’
have onc.

1 donft
* have one.

1 don’t
use ic.

If 1 had one
1’d use 1it.

1 don’t
have one.

it 1 don'é

use 1it.

1f I had one
1°d use 1it.

1 don‘t
have one.

1 don’t
use ito

1f I had one
I°d use 1it.

t
it 1. don’t
use 1it.

If I had one
1°d use 1it.

T




40

41

42

43

Page

PHONEBOOK SUPPLIED BY PHONE CDMPA&Y

I‘m not sure I
have one.

I have one.

1 use it
quite a lot.

I use it a lot; it
is indispensible.

alternatives
used in place of 1it?

~
[y

PERSONAL PHONE AND ADDRé%S BOOK
I have one. I‘m not sure I .
have one.

I use it
quite a lot.

I use it a lot; 1t
is indispensible.

alternatives
used in place of 1it?

A

CHECKBOOK

I have one. I°’m not sure I

have one.

I use it N
quite a lot.

1 use it a lot; 1t
is indispensible.

alternatives
used in place of 1it?

- SAVINGS RECORD
I have one. I‘'m_not sure 1
have one.

I use it
quite a lot.

I use it a lot; it
is indispensible.

alternatives
used in place of it?

I don’t
have one. .

I don’t
use it.

I use it
sone.

If 1 had one
1°d use 1it.

I don‘t )
have one.

I use it 1 don’t

some. use it.

If 1 had one
1°’d use 1it.

I don‘t
have one.

1 don’t
use ite.

I use it
some.

1£f I had one
1°d use it.,

- .

1 don’t

" have one.

1 don’t
use 1it.

I use it

sone.

If I had one
1’d use 1it.




44 CONVERSION AND EQUIVALENCE TABLES
. (measures, metric,etc.)
I have at 1°n not sure I . I don’t
least one. have one. have one-.
I use it a lot; it 1 use it .1 use 1t I don’t
is indispensible. quite a lot. _some. use 1it.
alternatives If I had one
used in place -of 1it? 1°d use 1it.
45 CALCULATOR
1 have one. I1°m not sure I I don’t
have one. . have one.
"I use it a lot; it 1 use it . I use it I don’t
is indispensible. quite a lota\ some. . use 1it.
\
alternatives \§ ) If I had one
used in place of it.\ 1°d use 1it.
\~\ E] [ [ —
N
, \,
&6 STOPWATCH \\
I have one-. I‘m.not sure I I don’t
have one. have one.
I use it a lot; it I use it I use it I don’t
is indispensible. quite a lot. some. use it.
alternatives ) If I had one,
used in place of 1it? 1°’d use, it.
47 STEEL TAPE MEASURE , ‘ \
I have one. I‘m not sure I I don’t v
have one. have one.
I use it a lot; it I use it I use it I don’t
is indispensible. quite a lot. sone. use 1it.
alternatives If I had one
used in place of it? " 1°d use 1it.




LIGHT METER
I have one.

48
I’m not sure 1

have one.

I use fg.
quite a lot.

I use it a lot; it
i{s indispensible.

altexnatives
used in place of 1it?

POSTAL SCALE
1 have one.

S0
I’n not sure I

have one.

I use it
quite a lot.

I use it a lot; it
is indispensible.

alternatives
used in place of it?

DARKROOM THERMOMETER
1 have one. I’m not sure I
have one.

51

I use it

I use it a lot; it :
quite a lot.

is indispensible.

alternatives
used in place of 1it?

FISH TANK THERMOMETER
I‘m not sure I
have one.

52
I have one.

I use it
quite a lot.

I use it a lot; 1t
is indispemsible.
alternatives -

used in-place of 1t?

175

Page

1 don’t
have one.

I don’t
use it.

I use it
. some.

1f I had one
1‘d use 1it.

I don’t .
have one.

I use it !

I don’t
some. ! use 1it.
I

1f I had one

1°d 'use 1it.

I don’t <
have one.-

1 don’t
use it.

I
I use it
some. !

Ié I had one
1°d use it.

1 don’t
have one.

I use it I don’t
some. use 1it.
If I had one

I’d use 1it.

11




53 POOL THERMOMETER
I’m not sure I

have one.

I have one.

I use it a lot; 1t

is indispensible.

»

54 METRONOME
1 have one.

I use it a lot; it

18 indispensible.

55 CALIPERS
I have one.

I use it a lot; it
i{s indispensible.

56 WIND GUAGE
1 have one.

1 use it a lot;

1s indispensible.

I use 1t
q%}te a lot.

alternatives
used in place of ite?

1°’m not sure 1
have one.

I use 1t
quite a lot.

alternatives
used in place of it?

I1’n not sure I
have one.

I use 1it
quite a lot.

alternatives
used in place of ie?

I1’m not sure I
have one.

1 use 1t
quite a lot.

alternatives
used in place of ie?

1 don’t

) have one.
I use 1t | 1 don’t
.some . use 1it.

1f I had one
1°’d use 1it.

I don’t

have one.

I use it I don’t
some . use 1it.

1If I had one
< 1°d use 1it.

1 don‘t

have one.’

I use it "1 don’t
sone. use 1it.

1If I had one
1°d use 1it.

1 don’t

have one.

I use 1t 1 don’t
some. use 1t.

1f 1 had one
1’d use 1it.
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57

58

59

60

COIN ROLLS
I have or had
sone.

I’m not sure I
had sone. ’

I use them
quite a lot.

1 use them a lot; they

are ;gdispensiblg.

alternatives
used in place of them?

DIRECTIONAL COMPASS
I have one-. I’ not sure I
have one.

I use 1t
quite a lot.

I use 1t a lot; it
is indispensible.

alternatives
used in place of it?

I never
had any.

I don’t
use theme.

I use - then
some.

If I had sone
I°’d use themn.

I don’t

have one.

I use it 1 don’t
some . use 1it.

If I had one
I’d use it.

AIR PRESSURE GUAGE (inflation pressure)

I’m not sure I
have one.

1 have one.

I use it
quite a lot.

I use it a lot; it
is indispensible.

alternatives
used in place of 1t?

VOLT METER

I have one. I‘m not sure I

have one.

I use it
-quite a lot.

I use it a lot; it
is indispensible.

alternatives
used -in place of 1it?

I don’t

have one.

I use 1t 1 don’t
sone. .use 1it.

If 1 had one
I°’d use 1it.

I don’t

have one-

I use it I don’t
some. use 1it.

If I had one
I1°d wuse {it.




-

61

I have one.

I use it a lot;
is indispensible.

ALTIMETER
I have one.

62
I use it a lot;

is indispensible.

BAROMETER
I have one.

63

I use it a lot;
is indispensible.

64
I have one.

I use it a lot;
is indispensible.

it

it

it

it

AMPMETER (ammeter) '

I’m not sure I,
have one.

I use it
quite a lot.

alternatives
used in place of 1t?

I’n not sure I
have one.

I use iz
quite a lot.

alternatives
used in place of 1t?

1’n not sure I
have one.

I use it
quite a lot.

alternatives
used in place of 1it?

KNITTINC NEEDLE GUAGE

1’m not sure I
have one.

I use 1t
quite a lot.

alternatives
used in place of 1it?

"1 don’t
have one.

I don’t,
use 1it’

‘T use it
some.

‘I1f I had one
I’dﬂuse it.

I-don’t

have one.

I use it 4 I don’t

some. use 1it. -

1f. I had one
I°d use 1it. o

1 don’t

have one.

I use it 1 don’t
sone. use 1it.

I1f 1 had one
1°d use 1t.

I don’t

have one.

I use it 1 don’t
some: use it.

If I had one
1’d .use 1it. .,




)

(

66

-
[ 4

&

¥

67

68

PROTRACTOR
I have one.

I use it a lot} 1t
is indispensible.

[

I’m not sure I

have one.

I use 1t
quite a lot.

alternatives

drawing
I have one.

1 use it a lot; it
is indispensible.

T RULE

I have one.

I use it a loé; it
is indispensible.

. RULE
I have one.

I use it a lot; 1t

is indispensible.’

b4 ~

used in place of 1it?

COMPASS

I’m not sure I
have one.

I use 1t
quite a lot.

alternatives
used in place of 1it?

I’m not sure I
have one.

I use it
quite a lot.

alternatives

used in place of ie? |

1’m not sure I
have one.

I use it
quite a lot.

C

alternative’s
used. in place of
¥

-

-

1

it?

B
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I don’t
have one.
I use it I don’t
SOone. use 1t.
If I had one
I1°’d use it.
I don’t
have one. :
——
I use it INdon’t A
some. use it.
If I had one
I’d use 1t.
I don’t .
have one.
I use it I don’t " .
sone. use it.
1f -I had one ;'
I’d use it.
T don’t
hase one« R
I use 1t I don't .
some. use 1it.

If I had bone,
I?d use it.

L]




=3

LEVEL
I have one.

| 69
I’m not sure I

have one.

I use it
quite a lot.

I use it a lot; it
18 indispensible.

\ alterndatives
‘ used in place of 1it?

70 PLUMB LINE

I have one. I’m not sure I

have one.
I use iE a lot; it I vse it
is indispensible. quite a lot.

alternatives
used in place of 1it?

p

I have one. I‘n not sure I
) - have one.
I use it a lot; it I use it
.. is indispensible. quite a lot.

71 ZIP? CODE DIRECTORY
\
alternatives
nsed in place of 1t?

s

2 QDD;NG MACHILKE
I’m not sure I

7
} I have oné.
) . have one.
I use it /-
quite a lot.

rr.
I use it a lot; 1t
is indispensible.

alternatives
used 'in place of it?

Page 16
I don’t
have one.
I use it I don’t
some. use 1it.
If I had one
I°’d use it.
I don’t
have one. ) ’ .
1 use it I don’t
some. use 1it.
JE€-I had one .
I'd use it.
I don’t .
have one. .
I use it . I don’t
sone. . use it.
1
If I b.u one
1’d use it.
I don’t - , .
haye one. ’ ’
I use it "1 don’t ‘f\
somé€. use it. ’

<

If I had oneé
I'd wause it




LOG TABLE
I haveé ote.

73
I1°m not sure I

.have one.

1 use ft

I use it a log;‘it
*quite a lot.

is indispensible~

~ alternatives
used in place of 1t?

»

SLIDE RULE
I have one.

74
I’m not sure I

have one.

I use ft a lot; 1t
quite a lote.

is’indlspensible. <;;
. atternatives

used in place of 1t?

Did you used to use a slide rule?

Why did you stop?

ABACUS
have one.

+ 75
! I I’m not sure I

have one.

I use it a lot; 1t
is indispensible.

I use 1t
qulte a lot.

1

alternatives
.used in place of 1t?

TAX TABLE
I have one.

76
I’m not sure I
have one.

I use it

I.use.it .a lot; 1t S ;‘
quite: a lot.

is inuispensible.

alternaiives
wsed in place of it?

I use it .
some .

Page 17
1 don’t
have one.
I use it I don’t
. some. use 1t.
If I had one
1°d use 1t.
I don’t ) o
have one.
I use 1t 1 don’t %
use 1it. -

I1f 1 had one
- I’°d use 1it.

1 don’t
have one.

/‘—‘T‘

1 don’t
use 1it.

I use 1t
SOmMe .

1f I had oné
.I°d use it.

I don"'t

have one.

‘

1 don’t
use 1t.

I use {t
sone.

If I had one
1°d use, it.




